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THE DEVELOPMENT OF ASTRONOMY. 


WILLIAM HALLER CASSELL, A. B., M. D. 


It is impossible to contemplate the edifice of astronomical science as 
it now stands, without thinking of the past as well as of the present 
and future. The fact is that our knowledge of the universe has been 
in the nature of a slow and gradual evolution, commencing at the very 
dawn of human history, and destined to go forward without stop and, 
we hope, with unimpeded acceleration, as long as civilization itself 
shall endure. The astronomer of every age has built on the foundation 
laid by his predecessors, and his work has always formed, and must 
ever form, the foundation stone upon which his successors must build. 

In this article I shall endeavor to record a few thoughts on the 
development of one of the most noble of sciences, from its crude begin- 
ning with the ancient Chaldean shepherds, up through the centuries to 
its beautiful and elegant culmination in the theories and formulae of 
the present day. 

I think it would not be an exaggeration to say that more brain energy 
has been expended, and more hard work has been done by the pioneers 
in the subject of Theoretical Astronomy and Celestial Mechanics 
than has been expended on any other subject that has ever engaged 
the attention of thehuman mind. The high attainment of astronomical 
precision of the present day has not been the work of any individual 
mind. The knowledge obtained in the beginning, crude as it was, was 
handed down to the succeeding generation, where it was taken up and 
a little more progress made, only for the laborers to die off and in turn, 
pass it on to their succeeding generation with the accumulated knowl- 
edge and experience of their predecessors. This has been kept up 
through the centuries until we can point to it today as one of the 
greatest triumphs of the human attempt to fathom nature. But there 
have been focal points around which and from which the subject 
of theoretical astronomy has seemed to center, and then emerge 
with renewed vigor. 
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A first essential to the development of so recondite a subject was 
the development of the Infinitesimal Calculus, and those who have 
labored in the domain of pure analysis have contributed in a large 
way to the achievements of the present time. 

When we realize the meagre pecuniary gain that is derived from 
labor in this field, it is all the more remarkable that it has attained the 
elegance and refinement of the present century. Probably the study 
of no science brings as little reward in the way of money and worldly 
goods as the study of astronomy. And this compels us all the more 
to give credit to those extraordinary and untiring gentlemen who have 
been born with mental powers sufficient to make advancement in this 
line. It shows in a way that the really great intellects of the past 
labored for the love of learning and of contributing their quota to the 
march of the world’s progress. 

The beginning of astronomy was with the ancient Chaldeans, whose 
first king, Sargon I, of whose reign there is any record, reigned about 
3800 B.C. The clear sky of ancient Chaldea offered to the shepherds 
the temptation and opportunity for the study of the skies. They divided 
the zodiac into twelve signs; named the zodiacal constellations, a mem- 
orial to their astronomical attainments which will remain forever 
inscribed upon the great circle of the heavens; they foretold eclipses; 
divided the year into twelve months, and the night and day into twelve 
hours each; constructed sun-dials, and invented the week of seven 
days. Such was the humble and crude beginning of a science that 
was destined, thousands of years later, to become one of the most 
exact and noble accomplishments of human endeavor. We thus see 
that one focal point was situated at the dawn of history, and when the 
curtain rises we get our first glimpse of the beginning of astronomy. 
For several centuries following the Chaldean dynasty there was a 
period of quiescence, and the next really great intellects that were 
destined to give an impetus to the advancement of astronomy rested 
with the ancient Greeks and Egyptians. 

While Euclid and Archimedes were not so proficient in the study of 
astronomy proper as to entitle them to fame, yet they both deserve 
the most honorable mention for their brilliant achievements in the 
realm of mathematics which bears to the study of astronomy a relation 
so intimate. 

As another focal point, as we journey up through the centuries, the 
times of Aristarchus, Hipparchus, and Claudius Ptolemy, though they 
lived in different centuries, stand prominently before us as marking a 
period from which astronomy was to receive a new impetus by which 
it was permanently launched uponits career of development. Claudius 
Ptolemy lived in the second century of our era, and while his name is 
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inseparably connected with the Ptolemaic System, yet his chief dis- 
tinction rests upon his having compiled a great work through which 
he gave to the world practically all of the knowledge of his predecessors, 
rather than to original investigation performed by himself. All of 
these names shine as stars of the first magnitude as we look back 
through the stormy past, and their labors were continually paving the 
way for the advent of the one really unrivalled personage that astron- 
omy has ever known. Sir Isaac Newton (1642-1727) was probably the 
most profound investigator that the scientific world has been fortunate 
enough to possess. Handicapped as he was on account of the 
undeveloped state of the Calculus, he nevertheless laid the basis of 
Theoretical Astronomy, penetrating far into the depths of analysis, 
discovered the law of universal gravitation, and laid down many of 
the theorems through which the laws of motion have been deduced 
and the beauties and mysteries of the solar system have been unfolded. 
While the elegance of modern analysis was unknown to him, yet by an 
ingenious application of the theorems of geometry he was able to 
obtain the same results as are obtained today through the use of the 
Infinitesimal Calculus. Contemporaneous with Newton was the emi- 
nent German mathematician, Gottfried Wilhelm Leibnitz (1646-1716), . 
who perfected the system of mathematical analysis that is in use at 
the present time, including the notation of the Calculus. Closely 
following Leibnitz in the order of succession was the eminent Swiss 
mathematician, Leonard Euler (1707-1783), whose efforts to develop 
the great results following the discovery of the law of gravitation 
entitle him to the most honorable mention, since his published memoirs 
furnished the nucleus from which the refined and elegant system of 
mathematical analysis, as we know it today, sprang. The progress 
made by Euler during his life time, was, in turn transmitted to two 
Frenchmen whose most brilliant careers were destined to give shape 
and precision to the untiring labors of those who had gone before. 
These illustrious gentlemen, Joseph Louis Lagrange (1736-1813) and 
Pierre Simon LaPlace (1749-1827) shine brightly in the firmament of 
Theoretical Astronomy. Each of these names is inseparably connected 
with the publications through which they gave to the world the work 
of their fertile brains, the former in Mécanique Analytique; the latter 
in Mecanique Celesté. The analytical skill with which these two 
extraordinary men handled their difficult task gave it the most rapid 
advancement, culminating in a degree of perfection that required only 
the simplification and development of their methods as experience and 
time should demand. 

The problem of determining the elements of the orbit of a heavenly 
body from three observed positions had been investigated by all 
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of the foregoing gentlemen, but the results of the application of 
their formulae were so affected by the unavoidable errors of obser- 
vation and the multiplication of small errors as to render them 
little more than rude approximations. Their investigations, however, 
paved the way for the beautiful theorems in parabolic motion that 
were demonstrated by Olbers, by which he was able to affect the 
laborious computation of numerical quantities with remarkable ease. 
The difficult problem of determining all of the elements of the orbit of 
a heavenly body from three correct observed positions remained 
unsolved, however, until 1801 when Piazzi discovered the asteroid Ceres. 
This discovery directed the attention to this subject of the eminent 
German investigator, Gauss, the results of whose fertile brain were 
published in the Zheoria Motus Corporum Celestum, commonly 
known as Theoria Motus. Through this most able work he was able 
to give to the world in anelegant and finished form the results of many 
years of the most painstaking labor, being the first to explain and use 
the method of Least Squares, which has been of indispensable value 
in the investigations of quantities depending upon observed data. 

The discovery of minor planets—asteroids as they are more com- 
monly called—now became more frequent, and it fortunately so happened 
that the discovery of these bodies of small mass was to direct attention 
to probably the most difficult subject with which the computer has to 
contend, namely the perturbations. Inthe early part of the nineteenth 
century astronomers were unable to compute the general perturbations 
of these bodies, being forced to determine their special perturbations 
from epoch to epoch, and it was not until after the brilliant researches 
of Hansen, that their general perturbations were effectively solved. 
By the application of an entirely new method which he called the 
perturbation of the time, he was able to pass from the undisturbed to 
the disturbed position. The methods of analysis, however, were so 
refined and difficult, that even after Hansen’s results were made known, 
astronomers still adhered to the former method of computing the 
special perturbations. 

Fortunately, it so happened that Bond and Encke were to give this 
subject their careful attention, which resulted in the discovery by them 
of a method for determining the variations of: the rectangular coér- 
dinates of the disturbed body by means of applying integration to the 
fundamental equations of motion by mechanical quadrature, which 
resulted in the formulation of equations for the perturbations of the 
latitude, the mean anomaly, and the logarithm of the radius vector. 
This was followed a little later by the brilliant achievement of Briinnow 
through whose labors were given the formulae for computing in the 
same way, the true longitude, latitude and radius vector. 
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To me personally there is really nothing more interesting as a side 
line than astronomy, and during my leisure hours I get a vast amount 
of enjoyment in reading the works of astronomers. No doubt there 
never was an amateur who at some time did not feel discouraged in 
his attempt to understand the theorems and formulae through which 
astronomical computation and prediction are made. But when we 
realize that we are dealing, not with the attainment of some one through 
study of a few nights or years even, but with the accumulated knowl- 
edge of all people in all ages throughout all past time, we should feel 
that we have selected for our pleasure a really difficult subject. Sir 
Isaac Newton once wrote a friend that he never intended to take up 
the subject again, “because it made his head ache so bad that he could 
not sleep.” However, it is really a rich field, and those who possess a 
respectable mathematical education will find in its reading many hours 
of pleasure. 

Not only from a theoretical standpoint has the development of 
astronomy been wonderful, but likewise in the field of practice. I often 
think what a grand achievement is the equatorial refractor! Think of 
constructing an object lens of 65 feet focus say, and of forty inches 
aperture, sufficiently homogeneous to form images that will bear high 
magnification without serious distortion, and a mounting and driving 
clock, guided by the hand of a skilled observer, accurate enough that 
though photographic plates may be exposed for a period of five or six 
hours the images of stars will be practically perfect dots! 

If we follow the construction of a large instrument from the sand 
from which the crown and the flint discs are cast, through their process 
of cooling, their grinding, figuring and polishing, the graduating of the 
circles, the building of the clockwork and mounting, until it is accurately 
placed in an observatory, we are compelled to acknowledge our apprecia- 
tion of the patience and skill of those persons who have been responsi- 
ble for its present approximation to completeness, and to wonder that 
human ingenuity has been equal to the occasion. 

Another noteworthy feature was the perfection of a photographic 
plate sufficiently fine grained to record accurately the minutest of 
details, far exceeding in usefulness visual observation. The photo- 
graphic plate shows many objects, and much detail in the tails of 
comets and the nebulae that the human eye cannot see, and probably 
will never hope to see. The reason for this is two-fold—first, some 
objects emit a quality of light that is not suited to a stimulation of 
the retina and optic nerve to generate a sensation of vision, but does 
have an actinic power, i.e., the power of affecting and decomposing 
the silver salts on the photographic plate-—and second, if the quality 
of the light emitted by a distant object is such as to stimulate the 
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sensation of vision, that stimulatian is fleeting and almost instantane- 
ous, and the slightest motion of the eye—and it is gone. With the 
photographic plate, however, it is different. A body that is just-on the 
verge of visibility may not emit light waves of sufficient intensity to 
affect the most sensitive plate in the time that it would stimulate the 
sensation of vision in the eye, but the work that is,done by that tiny 
and feeble ray is cumulative. Constantly focussed and made to play 
on the same exact spot it keeps on writing, probably for hours, and, if 
the graining of the silver salt is fine enough, details impossible ever to 
be seen with the eye are permanently recorded. But all this requires 
the utmost mechanical skill in the construction of the telescope. 
Professor E. E. Barnard of the Yerkes Observatory says that if the 
motion of the driving clock varies as much as one-thousandth of an 
inch during an exposure the plates will be worthless. Some images 
have been obtained through an exposure of twenty-five hours on as 
many as ten successive nights. What does this compel us to say in 
regard to the precision of the telescope? 

When Dr. Maddox was busy in his laboratory mixing together his 
silver salts and gelatine, little did he dream that in his crucible were 
the materials that were to give the universe a new diameter! 

Another instrument, modern in its comparison with the telescope, is 
the spectroscope—an instrument whose life history, though short, has 
been filled with the most marvellous revelations. The seemingly im- 
possible is continually happening in the domain of human endeavor, 
and nowhere else has this been more strikingly depicted than in the 
revelations of the spectroscope. In regard to stellar observation and 
measurement, velocity in the line of sight would have been as unreason- 
able a subject for contemplation before the days of the spectroscope, as 
our hopes are now to see the discs of the stars. But today velocity in 
the line of sight offers no more difficulties than the angular velocities, 
and very probably not so much. In this instrument every ray that 
passes through the prism is refracted in a degree that is peculiar to its 
wave-length; violet light on the one side of the rainbow, is deflected 
most; while red light on the opposite side of the rainbow is deflected 
least, while all of the intermediate colors are deflected in an interme- 
diate degree. It is because of this power of analysing light that the 
spectroscope gets in its work. Since the waves on the violet end of the 
spectrum are shorter than those on the red, the prism shifts them apart, 
and the greater the disparity in the wave-length of any two colors, the 
greater will be the distance between them after passing through the 
prism. Therefore, if for any reason, light waves should continually 
become shorter or longer and we were observing them with a_ spectro- 
scope, we would be able to compare their amount of dispersion at; any 
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instant with that at another. When, therefore, a star is approaching 
the earth its wave-length being shortened there will be a shift towards 
the violet end of the spectrum; while, on the other hand, if it is reced- 
ing from the earth, the shift will be towards the red end of the spectrum 
for its wave-lengths are then being lengthened. In the case of Beta 
Aurigae this change in the spectrum is so rapid that it is sometimes 
perceptible on quickly successive plates, and becomes quite marked in 
the course of an evening’s work. Not only are we enabled to measure 
otherwise impossible motions, but this instrument gives us as well the 
chemical constitution of the heavenly bodies, and has determined posi- 
tively that the nebulae are not unresolved clusters. 

While the history of astronomy has culminated in the most brilliant 
achievement, it is nevertheless, far from being perfect and complete, 
and at this time it would not be out of place to take a glimpse at the 
future. Are the prospects for its continued advancement bright? It 
is a common saying in scientific matters that prediction is always 
hazardous. The unexpected has happened so frequently, as to make 
one feel disinclined to make positive statements about the future. 
However, I fearin my humble judgment that the most accelerated part 
of the journey has already been made. While advancement will 
undoubtedly be made as long as time shall be, yet I fear that nature’s 
stone walls in a great many instances have already been reached— 
sufficiently so as to compel our beloved science to “make haste slowly.” 
Of course the germs from which the new knowledge of the future must 
emanate are now present in various stages of development. For 
instance, improvement in the manufacture of optical glass from which 
lenses are made offers some hope that maybe some day the achromatic 
objective—the dream of the astronomer, may be realized. However, 
reports have it that the great forty-inch objective of the Yerkes tele- 
scope is found to give distorted images at certain altitudes on account 
of the bending of the material of the lens under its own enormous 
weight. If this be true it looks as if the limit of aperture in so far as 
the refractor is concerned has already been reached. The giant reflectors 
that are now being constructed on the Pacific Coast may save the day 
and make the necessity for greater refractors disappear. But the cry 
of the astronomer of the future will be “more light,” and he is going to 
have more light. Even more important than increasing the aperture 
of our lenses, isthe improvement of our astronomical mathematics. 
The astronomer has ever been confronted with difficult problems, and 
the prospect that the future will lessen his burden is not bright. The 
theorems and formulae of computation are laborious, and since they 
have long been the common property of all mankind and no radical 
advancement made, I fear this is sufficient to warrant us in feeling that 
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the hope of immediate improvement is to result in disappointment. The 
problem of three bodies is as far from solution today as it. was in the 
time of Newton and Leibnitz. However, it is proper to give to the 
recently deceased Frenchman, M. Henri Poincaré, the most honorable 
mention in connection with his achievement along this line. He is said 
to have attacked the problem from an entirely new source, but I fear 
that the problem of three bodies will remain unsolved for many years 
to come. And if the problem of three bodies has thus resisted solution, 
what shall we expect in the problem of m bodies? However, there will 
be improvement in certain lines. A more exact knowledge of the 
dimensions of our earth are needed, and the future will unquestionably 
bring this. In regard to the “Lunar Theory,” the best tables that have 
yet been prepared begin to give erroneous positions after the lapse of 
several years—the future may possibly correct this. A small but 
perceptible shift in the poles of the earth’s axis with the consequent 
variation of latitude and longitude has been detected. These appear 
to be more or less regular while theory requires that they be more 
or less irregular, and accompanied by variations of rotation and the 
consequent length of the day. If this should be proven by the future 
to be true, astronomical precision would be given a death blow. 
For if the earth, our standard time keeper, “flies wild” we would 
have little to rely upon unless a more accurate time measuring machine 
could be found. 
Wytheville, Va. 





JUPITER IN 1914. 


LATIMER J. WILSON, 


(Director of the Planetary and Lunar Section for the Society of Practical Astronomy.) 


Though rather late the following observations of Jupiter may be of 
interest to other observers who have made notes of the planet during 
1914. Observations began here in June and were continued irregularly 
until December. Numerous drawings were made at the telescope and 
from these and from drawings sent by Mr. A. F. Kohlman of Milwaukee, 
Wis., the longitudes were calculated. The whole of the northern equa- 
torial belt was plotted and an attempt made to identify the spots to 
determine their motion. The regular order of spots seen in this belt 
in 1913 was apparently broken and condensations more or less irregular 
were distributed around the belt. Two groups were fairly well identi- 
fied and they may be represented roughly by the following longitudes :— 
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SYSTEM I. 
Group A m Group B ‘ 
1914 July 4 330 1914 July 5 210 
6 315 19 205 to 210 
8 310 26 200 
13 300 28 200 
15 295 Aug. 6 185 to 205 
Aug. 5 280 9 200 
21 290 11 195 
Sept. 20 275 31 195 
Oct. 8 265 Sept. 7 178 
22 260 21 170 
Nov. 23 240 Oct. 5 165 
8 170 
10 165 
Nov. 4 155 




















LATIMER J. WILSON’S SEVEN-INCH REFLECTOR. 

A complete list of the spots in this belt are given in longitudes for 
System I. Mr. Kohlman’s observations are designated by (K). As 
can be seen the spots are apparently moving slightly more rapidly 
than required for System I. 

The red spot was quite well defined on August 21, 15hr. 31m., 
G. M. T., but its identity was lost except for the white notch in the 
southern component of the south equatorial belt as seen on September 21. 
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Various please were used for the observations, Mr. Siditinen 
occasionally having access to a 14-inch and an 8-inch reflector but 
ordinarily working with a 4-inch refractor. The 7-inch instrument is 
a convenient portable telescope recently mounted by Mr. J. W. Braid 
in an excellent manner. The optical parts of my telescopes are of my 
own construction, excepting the flat mirrors and the eyepieces. A 
photograph of the 7-inch instrument is reproduced here. Aside from 
the drawings by Mr. A. F. Kohlman valuable assistance was rendered 
in the work of this report by Mrs. Lurana Rownd Wilson who calcu- 
lated the longitudes and plotted the drawings. 


PRECEDING PART OF THE SOUTH TROPICAL DISTURBANCE. 


Aug. 5 68° 5 Sept. 1 64°.1 
15 68 .5 30 55 .4K 
15 65 .6K Oct. 10 51 
17 67 .5 Nov. 22 40 .1 
PRECEDING PART OF THE RED Spot HOLLow. 
1914 June 26 190.4 
July 13 187.7 (Kohlman) 
25 188.4 measured from Mr. Kohlman’s drawing 
Aug. 1 186.1 my drawing 
2 183.0 C. M. — center of R. S. H. 201.9 
21 181.5 C. M. — center of R. H. S. 200.5 
11 181.6 (Kohlman) 
Sept. 21 183 bad seeing 
Oct. 8 180.1 
18 183.1 
30 179.1 measured from fol. part of S.T. D. = C. M. 
Nov. 23 180.2 
FOLLOWING PART OF THE SOUTH TROPICAL DISTURBANCE. 
1914 June 26 190.4 
July 25 180.4 
Aug. 1 179.1 
21 165.5 measured from center R. S. H. = C. M. 
Sept. 21 165.3 
Oct. 8 163.8 
30 154.1 
Nov. 6 152.6 
23 151.5 
FOLLOWING PART OF THE Rep Spot HOoLtow. 
Aug. 6 219.8 Sept. 11 210. (uncertain because 
9 220. of bad seeing) 
21 217.6 Nov. 23 208.3 
JuPITeR’s NORTHERN EQUATORIAL BELT. 
Date G.M.T. System Aper- Seeing Longitude of markings 
h ture 
June 8 19 10 272.3 11 3 Spot on 270. 
12 18 39 164.6 7 3.5 Belt fairly dark. 
18 19 47 73.1 7 3.5 Spot on 90. 
20 18 24 338.1 | 3.5 Faint wisps. 
21 18 46 150. 7 3 Spot at 130. White spot at 140. 
22 18 10 286. 7 3.5 Spots at 285, 305. White spot at 295. 
25 18 48 63 5 7 3.5 Belt fairly dark. 
26 18 40 216.9 7 4 Belt faint. 
July 4K 17 40 4.3 4 3 Spots at 330, 360. 
5K 17 45 165.4 4 2 Spots at 120, 160, 210. 
6K 17 50 326.5 4 3 Spots at 315, 350. 
8K 17 40 276.4 4 2 Spots at 255, 310. White spot at 285. 
9K 17 35 71.4 4 3 Spots at 25, 60, 95. 
11K 17 40 30.5 4 2 Spots at 355, 50, 90. 
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Date G.M.T. System Aper- Seeing Longitude of markings 


\ ture 
July 13K 17 35 343.6 4 2 Spots at 300, 340, 40. 
14K 17 30 138.5 4 2 Spots at 110, 150. 
15K 27 50 308.8 4 3 Spots at 250, 295, 345. 
16K 17 30 94.6 4 2+ Spots at 35, 80, 145. 
17K 17 30 252.7 4 3 Spots at 195, 240. 
18 18 33 87. 7 3 Spots at 75, 110. 
18K 17 48 61.5 4 3 Spots at 20, 75. 
19 18 40 249.9 7 3 Belt fairly dark. 
19K 17 40 214.9 4 3.5 Spots at 150, 175, 200, 240, 265. 
20 17 12 4. 7 3 Spot at 20. 
20K 17 30 6.7 4 2 Spots at 345, 20, 70. 
21K 17 30 164.8 4 3 Spots at 155, 205. 
23K 16 20 114.6 4 3 Spots at 60, 85, 110, 150. 
23K 17 20 151.2 4 3 Spots at 150, 190. 
25K 16 15 31.1 4 3.5 Spots at 355, 55, 80. 
25K 17 15 67.7 4 3.5 Spots at 55, 80, 100. 
26K 16 10 186.1 4 2+ Spots at 165, 200. 
26K 17 10 222.6 4 2+ Spot at 200. 
27K 16 45 359.3 4 2 Spots at 305, 350, 30. 
28K 16 136 4 3 Spots at 120, 170, 200. 
28K 17 172.5 4 3 Spots at 170, 200. 
29K 16 35 315.4 4 3 Spots at 310, 330, 10. 
3LK 16 250.2 4 3 Spots at 250, 295. 
31K 16 30 268.4 4 3 Spots at 250, 295. 
Aug. 1 16 32 67.7 11 4 Spots at 45, 80, 
1 16 54 81.1 11 4 Spots at 45, 80, 95. 
1 iv 7 89. 11 4 Spots at 45, 80, 95, 130. 
1 17 28 101.8 11 3.5 Spots at 95, 130. Round white 
spot in Lat. 12. 
1 17 58 120.2 11 3.5 Spots at 115, 130. Round white 
spot in Lat. 12. 
2 14 27 149.5 11 4 Spot at 155. 
2 17 33 262.8 11 3 Spots at 220, 250. 
2 17 47 271.4 11 3 Spots at 250, 305. 
2 18 279.4 11 3 Spots at 250, 305. 
5 15 35 305.1 11 3.5 Spots at 280, 325. White spots at 
280, 305, 325. 
5 16 51 351.4 11 3 Spots at 325. 350. 
5 16 54 29.8 11 4 Spots at 30, 50. 
5 18 11 40.3 11 4 Spots at 30, 50. 
6 17 52 186.6 7 3 Spot at185. Whitespots at 
160, 210. 
6 18 12 198.8 7 3 Spots at 185, 200, 235. 
8K 16 74.5 14 r Spots at 20, 80. 
9 15 42 221.5 11 3.5 Spots at 200, 220, 235, 250. 
9 16 4 234.9 11 3.5 Spots at 200, 220, 235, 250. 
9 16 32 252. 11 4 Spots at 235, 250, 265 
11K 15 15 161.1 4 4 Spots at i161, 195. 
11K 16 15 197.7 4 4 Spots at 160, 195. 
13K 15 35 129.3 4 3 Spots at 100, 130, 150. 
i3K 16 5 147.6 4 3 Spots at 100, 130, 150. 
15K 16 20 112.9 8 2+ Spots at 95, 120, 150. 
15 16 25 115.9 11 3.5 Spots at 95, 120. 
15 17 20 149.4 11 3.5 Spots at 95, 120, 150 
17 16 21 69.5 11 3.5 Spots at 35, 70. 
17 16 51 87.8 11 3.5 Spots at 70, 100. White spots at 
70, 85, 115. 
17 17 11 100. 11 3.5 Spots at 70, 100, 130. 
17 i8 1 130.5 11 3.5 Spots at 70, 100, 130. White spots 
at 115, 145. 
21 15 2 293.4 11 3.5 Spots at 290, 315. 
21 15 31 311.1 11 3.5 Spots at 290, 315. 
31 16 47 137.3 11 3.5 Spot at 135. 
31 17 41 170.2 11 4 Spots at 135. 145. 
31 18 4 184.3 11 3.5 Spots at 145,195. Whitespotat185 . 
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Date G.M.T. System Aper- Seeing Longitude of markings 


Sept. 204.5 
213. 

241. 

248.9 
213.2 
154.5 
165.4 
178.2 


Spots at 190, 215. 

Spot at 215. 

Spots at 215, 250. 

Spots at 215, 250. 

Spots at 185, 215, 

Spot at 135. 

Spots at 150. 160. White spot at 155. 

Spots at 160, 178, 210. White spots 
at 155, 170, 210. 

Spots at 160, 178, 210. 

Spots at 178, 210, 250. 

Spots at 178, 210, 250. 

Spots at 300, 350. 

Spots at 350, 10. 

Spot at 135. White spots at 130, 150. 

Spot at 90, 125. 

Spots at 35, 70. 

Spots at 15, 35, 70. 

White spot at 80. 

Spots at 100, 135, 180. 

Spots at 275, 310. 

Spot at 135. White spot at 115. 

Spots at 135, 170. 

Spot at 35. 

Spots at 35, 70. 

Spots at 320, 340. 

Spots at 340, 10, 50. 

Spot at 100. 

Spots at 180, 200. 

Spots at 60, 100. 

Spots at 35, 70. 

Spots at 145, 160, 185, 210, 230, 250. 

Spots at 135, 165. 

Spots at 170. 190, 200. 

Spots at 170, 190, 200. 

Spots at 230, 265. 

Spots at 230, 265, 285. 

Spots at 230, 265, 285. _White spot 
at 280. 

Spots at 135, 165. 

Spots at 165, 185. 

Spot at 17. 

Spots at 17, 35, 65. 

Belt fairly dark. 

Belt fairly dark. 

Spots at 230, 260, 280 

Spots at 15. 40, 60. 

Spots at 40, 60. 

Spots at 130, 155. 

Spots at 225, 275. 

Spots at 80, 95, 130. 

Spots at 95, 130. 

Belt fairly dark. 

Spot at 185. 

Spot at 100. 

Spots at 80, 100, 115. 

Spots at 225, 240. 

Spots at 225, 240. 

Spot at 240. White spot at 255. 

Spot at 275. 

Spots at 275, 315. 

Spot at 110. 
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AITKEN’S MEASURES OF DOUBLE STARS. 


ERIC DOOLITTLE. 


Every double-star observer is familiar with the immense amount of 
continuous and systematic work which Professor Aitken has for the 
past twenty years devoted to this branch of astronomy. Every one is 
familiar with the progress of his detailed survey of the northern 
heavens, which for the first time has led us to a comprehensive knowl- 
edge of the entire number and the distribution of the double stars; 
a survey now practically completed and from which no less than 2900 
new pairs have been added to our present lists. Professor Aitken could 
doubtless have increased this number ten, or even one hundred, times 
had he regarded as double stars pairs of the type to be found in our 
present catalogue, but, as is well known, he has chosen to restrict him- 
self within very narrow limits. Many of the new pairs are indeed only 
accessible to telescopes which compare in size with the great Lick 
refractor, and consequently it is certain to be the case that a very 
unusually large proportion of the Aitken stars will be found to be 
binaries of high value and interest. 

The volume here reviewed* contains the great number of supple- 
mentary measures made during the years 1885 to 1912, only two of 
the new Aitken stars being included init. The first thing that strikes 
the reader upon opening this beautifully prepared work is the extraor- 
dinary number of excessively close pairs which it contains. Pairs 
ranging in distance from 0’’.05 to 0’’.20 are common, and in fact the 
majority of the measures are on these extremely close pairs, which can 
be separated only on very exceptional nights with a smaller instrument. 

In fact, Professor Aitken is to be congratulated on having an appar- 
ently so very perfect instrument at his disposal, but it should be a 
source of even higher satisfaction to the authorities of the Lick Obser- 
vatory that they have had the rare good fortune to keep with them 
for so many years an observer who has thus made evident the utmost 
capacity of the great telescope. 

It is always a rather difficult matter to review a book of measures 
on double stars, even when these are of so unusual a character as is 
the case in the present volume. Each separate system has its own 
interest, and, unfortunately, in a limited space, even a small proportion 
of them cannot be referred to. One cannot hope to give the general 


* Publications of the Lick Observatory, Vol. XII. Measures of Double Stars, by 
Robert Grant Aitken. 1915. 





406 Aitken’s Measures of Double Stars 





reader any adequate impression of the interest which he himself feels 
in such a work. It can only, and truly, be said however that to one 
devoted to double star astronomy a volume such as the present one is 
a continual delight. One excessively close system after another,—on 
which one less fortunately situated than Professor Aitken can only 
hope to get an occasional measure at long intervals when his “seeing” 
is exceptionally good,—is here followed year after year through the 
most critical part of its orbit, even when its distance diminishes to but 
0’’.05. And there are many pairs which the observer may have had 
on his list for several years, and whose motions he has been trying to 
determine from his imperfect and scattered measures, the real nature 
of which is here for the first time definitely and accurately determined. 

A few of the pairs have been measured at the request of other 
observers. Dr. Aitken is always generously willing to do this work for 
others, provided, of course, that he is not imposed upon by lists of pairs 
which can as well be measured elsewhere. In a letter written three 
years ago, he states that he has always regarded this kind of service 
as a duty which is imposed upon him by the unusual advantage which 
he enjoys in having so large a telescope at his disposal. So kind an 
attitude toward other observers cannot but be appreciated by them; 
he has always had the attitude of the true scientist, who desires that 
his work shall advance our knowledge, with but little anxiety as to 
whether this work shall be fully credited to him or not. His measures 
on 113 of the Hough stars added greatly to the value and completeness 
of the small catalogue of these objects published a few years ago. 

The present volume contains measures on 1201 pairs, the greater 
part of which are, as has been said, very close, and many of which are 
very rapid binaries on which measures are always of the highest value. 
Of these last, twenty-six new orbits have been computed and these, 
together with the prior measures and residuals, are fully given. Aitken 
states that he has thus determined the orbits for more than 100 binaries 
but that in many of these the published elements are as exact as can 
at present be inferred from the measures. Of especial interest among 
the new orbits are, Delta Equulei, 13 Ceti, Aitken 88, Epsilon Hydrae, 
Burnham 883 and Burnham 612. The first is the most rapid binary 
known in the heavens, the period being but 5.70 years. The second is 
Hough 212 with a period of 6.88 years; the third is one of Aitken’s new 
discoveries which has already moved sufficiently to make a determin- 
ation of the orbit possible; the fourth is the remarkable, only known, 
example of a pair which is at once a spectroscopic and a visual binary, 
and in which the elements determined from spectroscopic observations 
are in remarkably close agreement with those found from the direct 
measures; while for the last Atiken’s recent measures make it certain 
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that his short period is the correct one. As in many other cases this 
most interesting pair was measured at least once every year by Aitken 
and thus followed completely through periastron, at which time the 
distance diminished to 0’’.1. It is these complete measures on such 
very close pairs, when they are closest together and when the motion 
is very rapid, that gives the measures of the present volume their 
unique and very high value. 

The always troublesome question of the approximate accuracy and 
the existence of systematic errors in double star measures is here con- 
sidered quite fully. Dr. Aitken’s method of approximation to the last 
is the simple one of selecting many pairs which have been measured 
on three nights, subtracting each single measure from the mean, and 
finally, (if we understand his process correctly), forming the mean of 
the three residuals so obtained, all taken with the positive sign. This 
is defined as the probable error of a single measure, the probable error 
of the result with each pair being equal to this number divided by the 
square root of three. Partial results of this examination are as follows. 
It seems quite remarkable that the accuracy upon pairs of about 1” 
separation when these are measured with the 12-inch approaches so 
closely the accuracy obtainable with the much greater aperture: 

36-inch telescope 


‘ 12-inch telescope 
No.of Separation Mag. r No. of Separation Mag. r 
pairs e diff. ‘ pairs 4 diff. ‘ 
50 0.35 0 +1.29 50 0.90 1 +1.27 
50 0.40 2 +1.60 50 2.75 2 +0.87 
35 2.50 6 +1.02 


As is usually the case, the errors in distance are found to be somewhat 
greater than those in angle. 

A mere glance at the table thus shows the remarkably high accuracy 
of these measures, at least as far as the purely accidental errors are 
concerned. As every double star observer knows, however, it is in the 
systematic errors that the greatest danger of uncertainty may lie. 
Especially is this to be feared if the contrast in magnitude is great and 
the line joining the stars much inclined to the horizon or to the vertical. 

Even Struve’s classic investigation of this matter in his own case by 
an extremely elaborate series of observations upon an artificial pair of 
stars is now known to have been far from satisfactory ; in fact, in 
many cases his uncorrected results are certainly entitled to more confi- 
dence than these same results after his corrections have been applied 
This is doubtless due to two facts. First, that the appearances of the 
various actual pairs in the sky are so various, as regards magnitudes 
and distances, as well as their position angles, that any attempt to 
represent them by two equal, artificial images is unsatisfactory ; and 
second, to the fact that in the latter kind of measures the position of 
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the telescope is invariable and the images steady, resulting in a very 
different physical condition for the observer than when the telescope 
is pointed in all different directions upon two objects which are more 
or less blurred and in motion. 

Apparently the only other method of finding the law of the system- 
atic error is to select all measured pairs for which the true angles are 
quite approximately known, to divide these into groups arranged accord- 
ing to the difference in magnitude, the distance, and the inclination to 
the vertical of the line joining the pair, and then to compare the meas- 
ures with the assumed true position in each group. This was at one 
time done at the Flower Observatory* but the results were largely 
negative. 

Aitken has not done this, and it would probably have been impossible 
owing to the fact that there would have been too few pairs for which 
reasonably accurate positions could have been assumed with which to 
compare his own measures. With a great many of the pairs measured 
by him there could have been no positions predicted with accuracy, 
nor were there any simultaneous measures with which he could com- 
pare his results whose accuracy would have been comparable with 
his own. . 

There ‘ are, however, fifty-six fairly reliable orbits, and with the pre- 
dicted positions from these he has compared his own measures. The 
average of all the discrepancies is 2°.36, a residual which includes the 
effects of his accidental errors, a sort of average effect of all systematic 
errors, and the average uncertainty, (probably larger than all else), of 
the positions computed from the assumed orbits. It is not at all prob- 
able that so careful and experienced an observer as Dr. Aitken has any 
very decided systematic error, but it is to be noted that as the above 
fifty-six pairs were observed at all varying position angles, but little 
trace of such an error, (if one exists), could be expected to appear in 
this residual. We may therefore infer, as the accidental error is so 
small, that at least some of the orbits are susceptible of considerable 
improvement. 

So complete a study of the probable errors is a valuable and satis- 
factory addition to the new volume, but it would not be needed to con- 
vince anyone who carefully examines the measures themselves of the 
high accuracy of Dr. Aitken’s work. It is with the long lists of meas- 
ures on the closest pairs that the harmony of the measures is most 
striking, variations of perhaps only from one to five degrees, or less, 
occurring with pairs whose distances vary from but 0’.1 to 0’°.2. Such 
results are indeed remarkably accurate for measures upon pairs just at 
the limiting power of any telescope. 





* Vol. Ill, Part 3. 
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Dr. Aitken’s work is a splendid contribution to the science of exact 
astronomy, and one which for very many years in the future must be 
consulted by double star astronomers. It will not be until our descend- 
ents have had the opportunity to observe these pairs through other 
close approaches that many of these measures can be again obtained. 
And even then the new observations will not supercede the careful 
and accurate results of a work of this kind; they will complete and 
add to it, but they will not destroy its enduring value. 
The Flower Observatory, 
University of Pennsylvania. June 1, 1915. 





/ 
SOME PROBLEMS IN GRAVITATIONAL ASTRONOM Yy 


F. J. B. CORDEIRO. 


The late Mon. H. Poincaré, the distinguished French mathematician, 
is sometimes quoted as having said, “You can’t get more out of an 
equation than you put intoit.” If he ever said this, which seems doubt- 
ful, it expresses, like most epigrams, only a very small part of the truth. 
We might with as much reason say, “You can’t get more out of a seed 
than you put into it.” and yet a seed no larger than a pin’s head may 
be developed into a gigantic elm. It is true that only a certain definite 
structure can spring from a_ specific seed, and only a single definite 
edifice can be built upon the foundation of a specified equation, but in 


each case we get vastly more out of the germ than we put in. 
: , a / MM'». 
The equation of Newton’s gravitational law \ f= aT )is a case 


in point. From this simple formula there has been developed a vast 
chain of consequences which ramify throughout the motions of the 
heavenly bodies as the branches and leaves of an elm spread through- 
out space. One hundred years ago Laplace, Lagrange, Poisson and 
their contemporaries, by a development of this fundamental law, 
explained many of its wonderful and beautiful consequences in the 
motions of the bodies of our solar system. There were giants in those 
days. At present little is done in celestial mechanics. Few present- 
day mathematicians have read or understand the marvelous work of 
their predecessors. Interest is dead. One reason undoubtedly is the 
excessive difficulty and complexity of all such investigations. No 
Adams or Leverrier of the present day—if one existed—would give the 
time necessary for such work. Books on dynamical subjects vaunt as 
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a merit that mathematics are largely avoided, knowing well that with- 
out such a sugar coating their pill will not be swallowed. Sciences 
not strictly mathematical, but overlapped on all their borders by 
mathematics, are pursued by devotees who professedly shun it. The 
truth is mathematics are difficult: they mean hard work. Then why 
not pursue pleasanter and easier paths? The easiest is the best. 

There are several results of gravitational motion which have not yet 
been explained, and we shall now consider some of them. Observation 
shows that the satellites of Mars, Jupiter and Saturn (including the 
rings, and excepting Iapetus which is enormously remote) move in, or 
very near to, the plane of the equator of their respective planets, and 
the orbits of all the nearer ones are sensibly circular. Here is a coin- 
cidence, a regularity or law, which must have some cause. We know 
that all these planets are spheroids, and the satellitic orbits are held 
in the plane of their bulging equators. The question is, ‘why are they 
there?’ If we suppose they have always been there from the beginning, 
the question is not then answered. For the equatorial planes of these 
planets do not keep their positions in space constant, but by the very 
reason of their having bulging equators must perform a_precessional 
motion about some pole of precession, and thus must constantly 
shift their planes. Hence the orbits must also shift their planes 
in step with the precessional motion of the planets, so that the 
orbital and equatorial planes may always coincide. Now we know 
that, under the sun’s attraction, both planets and orbits do perform 
retrograde precessional motions. Further the orbits, under the influence 
of the attraction of the bulging equators, perform similar precessions 
about the poles of their planets. But the precessional velocities all 
vary according to the factors in each case, so that it is impossible that 
all these several precessions should of themselves keep step. But they 
do keep step, and our question ‘why?’ is still unanswered. 

If a body, under the attraction of two other bodies, performs a preces- 
sion about a certain pole relatively to each body, the resultant motion 
is a precession about the resultant pole of the two independent preces- 
sions. If we represent the precession due to one body by a vector, 
having a length equal to the precessional velocity and a direction the 
same as the precessional axis, while we represent the second precession 
in a similar way by another vector, the resultant of these two vectors 
will determine the resulting precession both in amount and direction. 
The plane perpendicular to the axis of precession is called the funda- 
mental plane. Sir George Airy, in his “Gravitation,” has shown that 
the orbits of Jupiter’s satellites lie in the fundamental planes resulting 
from the attractions of the planet’s equator, the sun, and their mutual 
attractions. The fundamental planes shift continually, but the orbits 
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always remain in them. Professor C. A. Young, in his “Astronomy,” 
says of Mars’ satellites, “their orbits appear to be exactly circular, and 
they move exactly in the plane of the planet’s equator: and they *keep 
so, maintained in their relation to the equator by the action of the 
equatorial ‘bulge’ upon the planet.” 

Professor Young—and he is the only one to do so—clearly recognized 
that the coincidence of the orbital and equatorial planes must be due 
to some positive action. But then he goes on to prove that if the orbit 
is inclined to its fundamental plane, which in this case is the equatorial 
plane, then the inclination can never alter. The controlling precessional 
factor of the orbits is, in this case, the equatorial protuberance of the 
planet, the sun’s influence being insignificant in comparison. But the 
sun changes the equatorial plane of the planet very appreciably. 
Hence some unknown action must cause the orbits of the two satellites 
to follow. I say “unknown”, because according to our present knowl- 
edge, an orbit cannot change its inclination to its fundamental plane. 
It precesses about the pole of this plane, always in a retrograde direc- 
tion, its nodes shifting backward, but the average inclination remains 
unchanged. This is the authoritative and accepted view. 

In Figure 1, let O be a spheroidal planet and ™ a satellite having a 
declination § from the equatorial plane. Then it can be shown that the 
satellite exerts an attractional couple tending to bring the equatorial 





plane up to ™, and the amount of this couple is a (C—A) sin®9 cos 8, 


here M is the mass of the satellite. M 
D is distance, and C and A the 
moments of inertia of the planet 
about its polar and an equatorial 
axis respectively. But the action 
is mutual. The equatorial protuber- \ 
ance exerts also a couple upon the 





t¢) 


satellite tending to turn it down 
about Oasa center into its own 


FicureE 1. 
plane, and these two couples are —_ 


precisely equal. Calling sa (C — A), K, this couple is K sin 4 cos 4. 


In Figure 2, let ADE represent the orbit of a satellite about a spher- 
ical planet with equatorial plane AOE. The orbit is supposed circular, 
and, the planet exercising no disturbing couple, the velocity of the 
satellite remains constant and in the same plane. Now, making the 
restriction that the satellite must always maintain its distance from O 





* Italics are his. 
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constant, we shall suppose the planet to become a spheroid. It there- 
fore exerts upon the satellite at every point a couple, A sin 4 cos @, 
tending to pull it down into the equatorial plane. Let v be the velocity 
of the satellite at any instant, and «the angle which its path makes 
with a meridian. Let 4 be its polar velocity and v, its velocity along a 
parallel of latitude. Then 4 = v cos« and v, = vsin«. It is evident 
that the attractive couple exer 

a force K sin 4 cos @ cos « on the 
satellite in the direction of its path, 
tending to retard or accelerate it 





B 
along this path, while it exercises “ " 
a force K sin 9 cos 4 sinaperpendic- : E 
ular to the path, which will deflect . 


it but cannot influence the velocity. 
It is further evident that the couple, 
acting always in the direction of a 
meridian, can have no effect in 
increasing or decreasing the moment Ficure 2 

of momentum of the satellite about the polar axis. In other words, the 











moment of momentum about this axis remains constant, or vn = <a 
Designating the acceleration by v and the velocity when in the equator 
by v,, we have 


v= — K sin 0 cos 6 
and 


P Cc? 
v? = v,* — K sin *9 = ® + a9” 


It is evident that the path will lie below the uninfluenced path ADE, 
since the average velocity is less than the standard velocity vo, and it 
will meet the equator at some point between O and C. It is also evi- 
dent that the inclination of the orbit to the equatorial plane is equal to 
that of the uninfluenced orbit only at the equator, but less at all other 
points. It is further evident that the two halves of the curve, divided 
by the summit B are symmetrical. 

The satellite will therefore keep arriving at the nodes farther and 
farther back. In other words the nodes regress and the orbital plane 
performs a precession about the pole. The inclination of the plane of 
the momentary path will be a minimum at the summit, but at the 
equator it is the same as that of the uninfluenced path and therefore 
the average inclination cannot vary. The motion will be similar to 
that of a solid ring orbit into which we may suppose the mass of the 
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satellite to be uniformly distributed, and a point on this ring represents 
its position at any time. The motion of the axis of such a ring, as is 
well known, is a direct harmonic motion in an ellipse whose centre 
moves with a constant retrograde precessional velocity at a constant 
inclination. This investigation, like all previous ones, leads us to the 
accepted conclusion that the inclination cannot change, though the 
nodes must regress. 

Let us now remove the restriction that the satellite must preserve a 
constant distance from the center. From A to B the velocity is pro- 
gressively retarded from its maximum to its minimum. The centrifugal 
force is therefore no longer equal to the attractive force and the satel- 
lite must fall in towards the planet. From B to C the velocity increases 
again and the effect of this will be to throw the satellite out. When a 
body is falling obliquely inward towards a central attracting body, a 
component of the attractive force accelerates its velocity, and vice versa. 
But the increased velocity due to falling in is not confined to the place 
where it originated. The greater part of its effect is transferred to the 
portion of the path lying between B and C. 

Likewise the retarding effect, due to falling out, is not confined to 
the part BC, but most of it is transferred to the quadrant beyond. 

The result of the retarding and accelerating forces due to the couple, 
and to the attractive force from falling in and out, may be grasped 
by an inspection of Figure 3. At the points of division we may suppose 


ZX le | 
Fee = 


FicureE 3 





average velocities to be attained. Along the portions a, the velocity 
is on the whole accelerated and its average is higher than the mean, 
while in the portions 7 it is on the whole retarded and its average is 
lower. The result is that the path will cross the equator at a progress- 
ively decreasing angle, and the extreme distances from the equator will 
also progressively decrease. The plane of the orbit will thus finally be 
brought into coincidence with the equator. There will thus also neces- 
sarily be brought about an equalization of the velocities in all parts of 
the orbit, the alternate forced retardations and accelerations transfer- 
ring themselves ahead like waves and thus smoothing out all inequal- 
ities. Provided, therefore, that the body was originally moving with 
unequal velocities in different parts of its orbit, i. e., was moving in an 
ellipse, it will eventually have these inequalities smoothed out, i. e., it 
will move in a circle. It seems to be impossible to escape this conclu- 
sion. Furthermore, the conclusion to which our investigation leads us, 
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we know, from observations, to be a fact. Under these orthogonal 
forces, orbital and equatorial planes tend to coalesce and must eventu- 
ally do so. This appears to be part of a general plan of nature. Motion 
tends continually from more complicated to simpler forms. Two 
revolving bodies, by reason of tidal friction, tend to assume the same 
rotational period. Inclined planes tend to coalesce. Ellipses become 
circles. Temperatures are equalized and all inequalities tend to be 
destroyed. The variations are simply deviations from a normal simple 
form to which they tend to be eventually reduced. 

On the supposition that inclinations cannot vary, it follows readily 
that the total inclinations in the solar system to a fixed plane of refer- 
ence, which is known as the invariable plane, will not vary. Laplace 
and Lagrange showed that if @ is the major axis of an orbit, m the 
mass of its planet, e the orbital ecc@htricity, and i the inclination to 
the invariable plane, then 


=m \ a tan *é = Const. and =m )/ ae? —Const. 


This has been called the Magna Charta of the solar system. Undoubt- 
edly the solar system is stable and nothing arising from its own mutual 
actions can ever lead to self destruction. But it is more than that. 
The constants in the above equations are not really constant, but small 
as they are tend to become even smaller. Eventually the inclinations 
will become zero, and the eccentricities will be reduced to a very small 
minimum. 

Cassini, in 1675, discovered from observations that the axis of the 
moon always keeps in a plane perpendicular to the node line of her 
orbit on the ecliptic. It was evident that there was a cause and a 
theoretical explanation was eagerly sought for. The matter is of 
historical interest. D’'Alembert attempted a solution in 1754, but failed. 
Finally the French Academy, in 1764, offered a prize for the discovery 
of the cause, and this was won in 1780 by Lagrange. This solution 
was a partial one, but he proved that if the moon has three unequal axes 
of inertia (as she undoubtedly has) with the axis of minimum moment 
always pointing nearly towards the earth (as is the case), and further 
that if the condition under discussion existed originally, then the 
attraction of the earth on the moon would maintain this condition. 
Routh, in his “Advanced Rigid Dynamics,” has given an explanation 
along similar lines, and based upon the same restrictions. Lagrange’s 
work was published in the Memoires de Berlin, 1780. The work in 
both cases is extremely complicated and long. 

If we remove the restrictions imposed then both solutions fail, and 
we are left without an explanation of this peculiar action of the moon’s 
axis. Weshall however remove all the restrictions and prove that 
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even then the moon’s axis will maintain its position relatively to the 
nodal line: which shows that Cassini’s theorem does not depend solely 
upon the moon’s having a minimum axis of inertia pointing always like 
an arm towards the earth. According to this explanation, it was a 
necessary prerequisite that the moon should have reduced her rotation- 
al period to a month before she could execute a Cassini motion, whereas 
it seems probable that she must have executed such a motion long 
before that state was reached. 

Let 9, Figure 4, be the inclination of the moon’s pole, A, to the pole 
of the ecliptic, C. Let a be the inclination of the pole of the moon’s 
orbit, B, to the pole of the ecliptic. 

We shall consider the moon simply 

as a spheroid with moments of 

inertia C and A, and with an angular 

rotational velolity » which does 

not necessarily coincide with her 

revolutional period. The earth, from 

its nearness, exerts a much greater 

attractional couple upon the moon's 

equatorial protuberance than does 

the sun, and in fact is the control- 

ling factor in the moon’s precession. Ficure 4 

We shall consider the moon’s center fixed at C,and the earth as revolv- 
ing in the orbit of the moon about this center, which dynamically is the 
same as the actual case so far as the precession is concerned. By 
supposing a body of half the earth’s mass at the pole of the moon's 
orbit to exert a repulsion, instead of an attraction, we can effect the 
same precessional motion of the moon's axis as the earth does moving 
in the moon’s orbit (See “The Gyroscope”. Spon & Chamberlain, N. Y.) 

Let us suppose the pole of the moon’s orbit to retrograde with a 
constant angular velocity — 5, and let v be the precession of the moon's 
pole. The equations of motion are (“The Gyroscope”, Art. 15) 


K sin 2a sin 6 cos @ cos* (bt — ¥) + K sin a cos a cos 28 cos (bt — v) 
— K cos2a sin # cos 6 — Cwy sin @+ A ¥’ sin 6 cos? = APO 
K sin’ a sin @ sin (bt — ¥) cos (bt — v) 
+ K sina cosa cos@ sin (bt — ¥) + Cw — Ay cos 66 = AD, (¥ sin 8). 


6 and wv are so small, relatively to », that we can neglect their squares 
and products. Sin and cos@ are, for a like reason, sensibly constant. 
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Hence we can write out equations, calling the angle (bt — vw), a, and 
since ¥ is always negative, 


Dcos?a+ Ecosa— F+ Coy sind=Ad (1) 
G sina cosa+ H sina + Cwd =A sindy (2) 


where D, E£, F, G, and H are constants. 
The natural independent precessions of the two poles are not supposed 


to have the same values, so that generally —4 and —v are not identi- 
cal. Hence one will eventually overtake the other and at some time the 
angle « will become momentarily zero, and at some other time it will 
become 7. Let us suppose that « has become 7, and the two poles are 
their maximum distance apart with the pole of the ecliptic between 
them. The angle «is measured always from the pole B in a_ positive 
direction. Let us suppose that the poles are 180° apart, and @has 
become practically zero. Hence from (2) the precessional acceleration 
has nearly vanished, and the precessional velocity is nearly constant. 


But let us suppose that —¥ is somewhat greater than — 4. Then the 
pole of the moon will get ahead of the pole of her orbit, B. From (2) 
we see that the terms Gsin«cos« + Hsin« will increase rapidly, 
since #7 is much larger than G, and WY becomes positive, or a couple 
arises which will turn (in a positive direction) the pole back to B. If 
—w is less than — b, and the pole A tends to lag behind B, our G 
and H terms assume a negative value and Y becomes negative. That 
is, a couple arises which turns A in a negative direction back to B. 
When the poles are exactly 180° apart, this adjusting couple vanishes, 
but whenever the pole A tries to pass from this position, in either 
direction, a couple is brought into play which tends to drag it back, and 
will drag it back, provided the relations of the forces in question do 
not exceed a certain limit. An examination of (2) likewise shows that 
when « = 0, or the two poles are in conjunction, the pole B will exert 
a repulsion upon the pole A unless they are exactly in line, when the 
repulsional couple vanishes. In other words, when « = 0, the two 
poles are in unstable equilibrium, while, when « = 7, they are in stable 
equilibrium, and any tendency to fall away is met by a couple which 


brings them back into this stable position. From (1) we see that é 
practically is uninfluenced and any slight change in ¥ causes only an 


insignificant change in @ which acts so as to damp the slight extra 
precessional velocity necessary for readjustment. There will thus be 
a continual play of these forces tending to keep the precessions of the 
two poles in step at this point. 





F. J. B. Cordeiro 417 

When » is very large, as in the case of the earth, and the constants 
D, E, F, G, H, which then depend upon the moon, are relatively small, 
it is evident that such an adjustment of the relative accelerations 
becomes impossible. Therg is a limit in the proportions of the masses 
and rotational velocities of the two bodies concerned, beyond which 
one pole cannot carry the other along with it in its orbital precession. 
The moon happens to lie within this limit; the earth well without it. 
The earth’s precession, due to the moon, is very slow, while the moon's 
orbital precession is rather fast. It is true that whenever the pole of 
the moon’s orbit is in conjunction with or opposition to the earth’s pole, 
and certain terms in the equations are changing signs, a repulsion or 
attraction is exerted upon the earth’s pole, but the forces called into 
play are not sufficient to keep the two precessions in step. 

The motion of the moon’s pole, therefore, is a nearly constant precession 
with practically no variation of itsinclination. It is very nearly a Poinsot 
motion. There is however a slight oscillation on each side of the posi- 
tion of equilibrium—where « = * —which is known as the true libra- 
tion of the moon, in distinction from the other librations. This libration 
has been found to vary from 2’ to 3’. _Itis quite probable that other 
satellites, where conditions are favorable, may execute Cassini's phe- 
nomenon. Since the moon’s axis thus always keeps in a plane perpen- 
dicular to the ecliptic, and her equatorial and orbital planes, her pole 
and that of her orbit always being in opposition, Cassini's theorem 
follows, which is usually stated thus: The plane of the moon's orbit, 
her equatorial plane, and a plane through her center parallel to the 
ecliptic always intersect in the same line, and the ecliptic plane 
always lies between the other two. 

Two bodies revolving about their common center of inertia are 
always subjected to tidal forces tending to pull each body apart at its 
center, towards and away from the attracting body. They are thus 
whether elastic solids, or liquid, distorted so as to be lengthened in the 
direction of the attracting body and compressed in a direction at 
right angles to it. A sphere becomes an ellipsoid; a spheroid becomes 
distorted into a less simple figure. If the rotational and revolutionary 
velocities do not coincide, these body tides, which always keep in the 
line between the two bodies, subject the matter to a stretching, com- 
pressing and kneading action which necessarily tends to reduce (or 
increase) the rotation by transforming rotational energy into heat. 

These body tides in our earth, due to the sun and moon are not 
inappreciable, but according to our best information may produce a 
tide something like a foot in height by their joint action. It is true 
that their braking action in reducing the earth's rotation is very slight. 
It has been estimated from certain old eclipses that the day may be 
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increasing in length by as much as 10” in a century, but this is uncer- 
tain. We do not know what the retardation exactly is, but there is no 
doubt that there is a retardation and that the day is growing progress- 
ively longer. At some time in the future the day and month will 
become equal. We shall now consider what effect this braking action 
of the body tide must have upon the earth’s two rotations. We do not 
consider here the tides of the shallow oceans, for these are insignificant 
compared with the body tide, small as that is. We said the earth’s two 
rotations because the earth is always rotating about two axes, one the 
polar axis and the other the precessional axis which is perpendicular 
to the former. The axis of the braking couple is roughly perpendicular 
to the ecliptic. Its average axis is perpendicular. The component of 
this retarding couple about the polar axis has only the effect of length- 
ening the day, but the component of this couple about the precessional 
axis likewise retards the precession. This has very important results. 
The precession is no longer free and unhindered. The gravitational 
couple upon the earth’s equatorial mass manufactures automatically 
an amount of precession just sufficient to balance, by its gyroscopic 
couple, the first couple. The consequence is that a body under these 
conditions does not yield to the gravitational couple, but precesses 
about its fundamental plane at a constant inclination instead. But to 
preserve the inclination, the precession must be free and unhindered. 
If we stop the precession, the body falls under the gravitational force 
the same as if it were not rotating. If we stop the precession of a top 
it falls to the ground immediately, and the fact that it is rotating does 
not save it in the slightest. If we stop only a part of the precession, it 
falls by as much as it has lost of the full precession necessary to main- 
tain its inclination. The effect of the tidal braking of the precession is, 
therefore, to cause the axis to fall in towards the pole. If we stopped 
the precession completely it would fall in rapidly and continue to 
swing backwards and forwards by equal amounts through the pole of 
the ecliptic, like a pendulum. If we hinder the precession only a little 
it will do two things—it will continue to precess as before by a slightly 
less amount, and it will also fall in, combining the precessional motion 
with the pendulum motion through the pole of the ecliptic. The pre- 
cessional velocity will not change with the varying inclination, for it is 
a gyroscopic law that, although the actuating couple changes with the 
inclination, the precessional period remains unaltered. A top has the 
same precessional period at all inclinations, provided the rotational 
velocity is the same. 

The body tide has a second effect upon the inclination. Owing to 
the distortion of the matter in planes parallel to the ecliptic, this must 
lead to a certain small component of rotation about an axis perpendic- 
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ular to the ecliptic. In other words a certain small amount of matter 
elastically attached to the body is performing a rotation about this 
axis. We have here a case similar to the gyroscopic compass. If we 
give a rotating body a second rotation about a fixed axis, it will move 
about that axis but the first axis will also move towards the second, 
striving to place itself in coindidence with the latter. But when it is 
in coincidence with the second, its momentum will carry it beyond, and 
it will continue to pendulate through the fixed axis, but all the while 
circling around this axis. The second effect of the tidal braking is 
therefore to convert the earth into a gyroscopic pendulum. 

The earth being an elastic body and subject to body tides, cannot, 
therefore maintain its inclination. If it were a perfectly rigid body, it 
would maintain its inclination, but a perfectly rigid body does not 
exist. The earth however undoubtedly possesses a high degree of 
rigidity. The higher the rigidity, the less marked are the braking effects, 
until with perfect rigidity there are no such effects because there are 
no distortional tides. The effect of the body tides is, as we know, 
extremely slight—so slight that we do not yet certainly know by how 
much it has lengthened the day. 

The effect of these tides upon the inclination is so slight that we do 
not yet know the rate of the decrease, although we know that it is 
certainly decreasing. The inclination of the ecliptic to the Invariable 
Plane happens at the present time to be decreasing, with the result 
that the earth’s inclination is thereby decreasing. The inclination of 
the earth equatorial plane to the ecliptic is therefore decreasing from 
two causes, both extremely slight. The total rate of decrease is not 
known, or only very roughly, while the rates of its components are 
totally unknown. For practical work, the knowledge of these rates 
would be of little value to the astronomer, even if he could find out 
what they were. If he were to deal with conditions a million years 
ahead or a million years ago, they would be of extreme value to him, 
but such dates do not concern him. 

To the geologist, however, such knowledge would be priceless. He 
deals with conditions a million years ago, ten million years ago, and 
perhaps more. Here we have a clock marking off the ages, the earth 
itself being the pendulum, 

The varying inclination of the axis must have left its geological 
record. With no inclination there could have been no seasons. There 
would be perpetual day at the poles, and a uniform 12 hour day at all 
other latitudes. Perpetual spring near the poles, and perpetual summer 
everywhere else. A luxuriant vegetation—subtropical in character 
would have flourished near the poles. Such a vegetation in such a 
place could flourish only at such a time, for only then could it have 
received sufficient light. 















420 Some Problems in Gravitational Astronomy 





S. Laing, in his “Problems of the Future,” says, “Nor is it a question 
of temperature only, but of light and the actinic rays of the solar beam, 
which are equally essential for vegetation. A luxuriant forest vegeta- 
tion, including such forms as the magnolia and cypress, could no more 
flourish, under any conditions now known to us, in Spitzbergen, than 
they could if shut up for four months in a dark cellar. And yet with 
the present obliquity of the axis, the sun must have been below the 
horizon in those latitudes from November till March.” 

As the obliquity increased, the regions near the poles must have 
begun to get glaciated. With further increase, this glaciation must 
have spread progressively from the poles, and a seasonal differentiation 
of climate must have extended gradually towards the equator. With 
extreme inclination the glaciation must have extended quite far south 
and the seasonal extremes must have been very severe, exercising a 
marked influence on the plant and animal life. Then as the axis 
swung back, all these phenomena must have reappeared in reverse order. 

We know certainly that only a comparatively short time ago extreme 
glaciation existed. Going farther back, the geological record shows more 
clearly than anything else a gradual amelioration of climate, progress- 
ively less seasonal differentiation, evidences of warmer days, more light 
and heat—the two being inseparable, since all we have of both comes 
from the sun—until finally a luxuriant sub-tropical flora is growing near 
the poles. At this point all seasons have vanished. Going farther back 
still, the process repeats itself. Seasons again develop. There is less 
light and warmth. Glaciation spreads from the poles until we find 
once more extreme glaciation. Then the process is reversed again, and 
again the seasons are milder until they vanish. And so on to the 
third glaciation. 

The geological record speaks plainly. We have allowed ourselves to 
be shackled by ideas. Because it was readily proved that a perfectly 
rigid body could not change its inclination, it was assumed that an 
elastic body also could not, although this had never been proved, and 
was in fact an entirely different problem which had never been exam- 
ined. Professor Young, as already quoted, carefully proved that the 
orbits of satellites could never alter their inclinations, and then stated, 
what could not be denied from observation, that they do change their 
inclinations. When geologists found that in the early Eocene there was 
an entire lack of seasons and a sub-tropical flora near the poles, they 
were in a position to declare positively that the earth’s axis must have 
been perpendicular to the ecliptic at that time. It is to be regretted 
that, when told that mathematicians had declared that to be impossible, 
they did not reply: “We do not care what mathematicians say; there 
is no avoiding it; the facts speak for themselves.” Instead of this, they 
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have attempted to build greenhouses at the poles, where a tropical flora 
might be conserved for millions of years, with nights six months long. 

The swinging of the pole backward and forward through the pole of 
the ecliptic is an unavoidable consequence of the tidal frictional forces. 
But by very reason of these internal frictional forces it cannot 
continue forever. At each swing the amplitude becomes less, just 
as an ordinary pendulum swings with decreasing amplitude. The 
final result will be to leave all the planets with their axes perpendicular 
to their orbits. The moon has arrived already at practically such a 
condition. The future of the solar system lies not only, as Laplace and 
Lagrange showed, in not exceeding its present inequalities, but in 
actually reducing them. Everywhere a force seems to be at work 
tending to reduce irregular and complex forms of motion to regular 
and simple forms. The tendency everywhere is a reduction to simplest 
terms. Instead of having orbits with all degrees of inclinction, the 
tendency is for all these orbits to coalesce in a single fundamental 
plane. Instead of having planets with every degree of axial inclination, 
the tendency is to bring them all into perpendicularity to this funda- 
mental plane. Rotations of various velocities all tend to coalesce in a 
single standard velocity. Eccentric orbits tend to lose their eccentri- 
cities and to approach a circular form. In short, the present diversities 
of the solar system tend to disappear into a general uniformity. 
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NOTES ON AN ADDRESS BY Dr. JOHN A. BRASHEAR.* J 


V.E. ATWELL. 


Dr. Brashear began by stating how much he had enjoyed the enter- 
taining remarks and skilful legerdemain which had preceded his own part 
of the programme. As for his titles and decorations, he stated that 
that reminded him of a story told by his friend the German astronomer 
Mr. J.C. Kapteyn. A friend of Mr. Kapteyn had once met a German 
officer whose coat was completely covered in front with numerous 
decorations, and having been introduced stated that he was proud to 
meet a man whose deeds of valor had earned so many decorations. 
“Ach, it is nuttings”, replied the officer. “You see that decoration there ? 
Well, I got that one through a mistake, and then I got all the others 
because I had that one.” Dr. Brashear stated that he believed his own 
titles had all come to him in the same way. 


* Delivered at the meeting and Fifth Annual Banquet of the Providence Society 
of Mechanical Engineers, April 28, 1915. 
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The hall being darkened, pictures were thrown upon the screen, the 
first being one of “my friend Galileo,” as the Doctor put it, with his 
telescope in his hand,—the wonderful little telescope with which Galileo 
had observed the mountains of the moon, the phases of Venus and the 
rings of Saturn, as well as some of the satellites of Jupiter. In calling 
attention to the vast distances of the stars Dr. Brashear stated that 
the displacement (parallax) of the nearest star to our earth (Alpha 
Centauri) when the earth is at one extremity of its vast orbit, and 
when it is at the other extremity of the same, is only one two-thousandth 
part of the diameter of the moon; and that the light from the three 
stars in the Belt of Orion (Delta, Epsilon and Zeta Orionis) takes, 
traveling at the rate of 186,000 miles per second, five hundred years to 
reach the eyes of the observer on the earth. “If the night is now clear, 
those stars are shining in the southwest. We may step out into the 
open air, and see them, and when we see them, we see them by the 
light which left them five hundred years ago.” 

Dr. Brashear then showed a picture of the long telescope, in use in 
the seventeenth century, looking somewhat like the picture of a sus- 
pension bridge. Very great focal length was obtained. He stated that 
the little telescope, with glass only 41 inches in diameter, with which 
Cassini ascertained the character of the rings of Saturn, was taken out 
- Of the case in which it is now preserved, and laid in his own hand for 
his inspection in 1892. 

The next picture showed telescopes erected by the French on the 
walls of Pekin. These were carried away by different nations at the time 
of the Boxer War, but had since been restored, all except those carried 
away by Germany. Those were at Sans Souci, and although the Chinese 
Government had tried to comply with the conditions laid down by the 
Germans for their restoration, those conditions were so arduous that 
they could not be complied with. “I am in hopes that when this war 
is over, they may be returned to China,” said Dr. Brashear, somewhat 
enigmatically. 

The next picture showed the great telescope of Sir William Herschel, 
with which he discovered the planet Uranus and studied so deeply into 
“the construction of the universe.” In this task he was ably assisted 
by “his sister, that noble woman, Caroline Herschel, her brother's faithful 
helper for many years.” Dr. Brashear was at the home of the Herschels. 
in the pretty little English village of Slough, just after the great tele- 
scope had been dismounted, and the frame placed in the front yard of 
“Observatory House.” The old mirror with which those great discoveries 


were made “will be taken care of by the British Government so long 
as it exists.” 
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Next was shown a view of the great Rosse telescope, erected by Lord 
Rosse at Parsonstown, Ireland, with a reflecting mirror 6-ft. in diameter. 
The great tube swung between its two great piers, and the motion was 
very limited. The mirror, dulled by the humid climate of Ireland, is 
now in the South Kensington Museum. 

Another of the same type was shown, the mirror being of silvered 
glass, good work being done with this. The Newtonian form of telescope 
was explained. Sir H. Grubbe’s telescope was also shown, and a view 
of the one at Harvard College Observatory; also a photograph showing 
the great reflector at the Lick Observatory. Dr. Brashear then alluded 
to the fact that some of the greatest discoveries of modern times are 
being made by photography. 

As an example of the modern type of telescope a view of the Yerkes 
was shown. The mounting weighs 75 tons, and the glass is 40 inches in 
diameter, and was the work of A. Clark & Sons, of Cambridgeport, Mass. 
Dr. Brashear remarked that he was privileged to have one of the first 
views through this great glass, before it was erected at the Yerkes 
Observatory. The dome weighs from 125 to 130 tons and is driven by 
electricity. 

Dr. Brashear alluded to the fact that the human eye sees at first 
glance all it is permitted to see, but the photographic lens is accumu- 
lative, and the longer the exposure, the more is revealed on the photo- 
graphic plate. 

A picture of a horizontal telescope was then shown, followed by a 
view of the great Snow telescope on Mt. Wilson. This is the great 
vertical telescope of Mt. Wilson, the glass for which was made by 
Dr. Brashear’s firm. Three lenses were made before they got one good 
enough, and free from even the slightest defect. Some of the most 
magnificent pictures of solar storms have been taken with this instru- 
ment. Another view of the same was shown, revealing the great mirror, 
30” in diameter. The apparatus at the bottom of the telescope was 
also shown. The next picture illustrated the general type of modern 
telescope, the glass being 30 inches in diameter, weighing 55 tons. 

At this point Dr. Brashear alluded to the fact that Mr. Henry D. 
Sharpe, of the firm of Brown & Sharpe Mfg. Co., and a member of the 
Association, had taken him (the speaker) through his great works 
that day, and how deeply he had been impressed with what he had 
seen there. 

One of the modern types of photographic telescopes was next shown, 
Dr. Brashear reminding his hearers that there always had to be an 
accessory telescope with every photographic one, that is a “visible” 
telescope. Over 300 new planetoids have been discovered with the tele- 
scope shown in the view, and one thousand nebulae. It is the instru- 
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ment made by Dr. Brashear’s firm for the Heidelberg Observatory. We 
were then shown a view of the 60-inch instrument made by Professor 
Ritchey, who formerly was at the Yerkes Observatory but is now at 
Mt. Wilson. Marvelous work, due in some measure of course to the 
wonderfully clear atmosphere of California, has been done with this 
instrument, which weighs 50 tons, and is moved by electricity. 

The next view showed some of the star clusters, photographed by 
this telescope. We were then shown a view of the base part of the 
new telescope, which is being made for the Canadian Government. 
The next view showed the great driving wheel of the above-named 
instrument, ten feet in diameter, which moves the great telescope with 
the utmost precision. This was followed by a model of the above tele- 
scope, made by the firm of Warner & Swasey, and then a view of the 
instrument as designed by the above named firm. The diameter is 
73 inches and the instrument weighs now 4600 lbs. The tube is 30 feet 
long, the glass 12 inches thick. 

The next picture showed the design of the great 100-inch on which 
they have been working for five years, and which is to be located at 
Pasadena. The great difficulty is the huge mirror. A great many 
castings failed. The final casting is made by pouring the hot mass 
weighing about two tons, into a mould, then another one on top of that. 
The second pouring overflows the first, “like a wave coming in from 
the shore.” He spoke of the difficulty of keeping the mirrors at a 
constant temperature. The next picture showed two boys sitting on 
the great disc of glass, This was followed by a picture of the polishing 
tool used. 

We were then shown the great disc of the telescope to be erected by 
the Canadian Government at Vancouver. This point was selected as 
the best place for the telescope, because of the even temperature which 
varies only four degrees from mid-day to mid-night. The air is remark- 
ably clear, and the “seeing” should be exceptionally good. 

The next view showed the mirror after it had been ground off and a 
man’s face was shown reflected in it. The next showed the great disc 
after it had been turned over on the other side, to be worked upon, 
and the next, the glass when it was lifted off the machine for polishing. 

The next picture showed two discs for the great refractor, and we 
were told of the great precision with which they were made. They were 
five years in the making. Dr. Brashear spoke of them as “the most 
perfect pieces of glass ever made,” 30 inches in diameter, and ten times 
more effective than the 40-inch Yerkes. 

The next picture showed a view of the constellation of the Pleiades, 
taken with the great telescope at Mt. Wilson. This had been given an 
exposure of fifteen minutes, and showed the haziness around Alcyone, 
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The next view showed the central part of the constellation, taken with 
an exposure of five hours. Another picture showed the appearance of 
a single star of this constellation. It was one great flaming mass, and 
looked like a picture of a great tornado. Dr. Brashear asked: “What 
is it? Wedon’t know. We know no more about it now than we did 
before the telescope was invented.” 

The next picture was taken at the Cape of Good Hope, and had cross 
lines on it, for purposes of comparison, to see if the stars had moved. 
The stars around Eta Carinae were next shown with an exposure of 
twelve hours. 

The next showed a classic drawing of the Great Orion Nebula, fol- 
lowed by a plate showing the stars in a section of the Milky Way. Dr. 
Brashear stated that there were over 200,000 stars shown on the plate, 
and that with the clearest night possible, the naked eye never could 
see more than 3000 at atime. This picture was followed by one show- 
ing a portion of the Milky Way in Sagittarius, and another of a nebula, 
taken in ten hours. 

The next was a beautiful picture of Saturn with its rings, followed 
by twelve small photographs of Saturn, taken by Professor Barnard. 
This was followed by one of the so-called “canals” on the surface of 
the planet Mars,—750,000 miles of “canals”. This picture was made. by 
Keeler. Next came a beautiful photograph of Mars, made by Professor 
Barnard, at Mt. Wilson. 

This was followed by a double picture of the comet of 1908, showing 
nucleus and tail, and the stars showing through the tail looking like 
little streaks. Another view of the same, taken the following night, was 
shown and a very beautiful picture taken later, showing the same streaks. 

The next picture showed a photograph of the moon, taken in about 
half a minute, by Nasmyth, the great engineer. Dr. Brashear said that 
he had shown this picture to a German gentleman, who, on seeing it, 
turned to his wife, and said: “Ah, Katrina! It ban good! Looks like 
cheese.” 

In the next view we were shown the mountains of the moon. 
Dr. Brashear stated that the temperature there was 250 degrees below 
zero, and that no evidences of change had ever been seen on the 
surface of the satellite. 

This was followed by a view of the solar prominences, Dr. Brashear 
telling us that these could be seen every day.. Some of them shoot up 
to a height of 70,000 miles. 

The next picture showed a sunspot, drawn after three days’ labor on 
the drawing. This, he stated, was probably about five billion of square 
miles in extent. We were then shown a picture of a “solar storm” 
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taken with an exposure of one minute. Another was shown, taken in 
the same short period, followed by one of the spectrum of hydrogen. 

The Trifid Nebula in Ursa Major was next shown, followed by a 
spiral nebula, seen in Lord Rosse’s telescope. The next, a different 
nebula. Another spiral nebula was shown, which perhaps was revolving 
to form a great sun, and a star well along in the process of development. 

We were then shown a beautiful view of the Ring Nebula in An- 
dromeda, with a smaller nebula on either side of it. The one at the 
right was discovered by Caroline Herschel, the one at the left by 
Messier. Dr. Brashear reminded us that this Ring Nebula can be seen 
by the unaided eye, being visible any clear night a little above and to 
the right of the two small stars north of Beta Andromedae. 

This was followed by a beautiful view of the great cluster known as 
the “Ball of Suns” in the constellation Hercules. Dr. Brashear stated 
that it contained at least 40,000 suns like our own. 

Through opera glasses this can be just glimpsed as a little spot of 
light. When observing another cluster while at the Cape of Good Hope 
Sir John Herschel stated that he hoped some day to have this resolved 
by astronomers, that he believed 10,000 suns would be found in it. 

We can now resolve it into a greater number than this,—60,000. 

In closing, Dr. Brashear spoke of the lofty and ennobling influence © 
which the study of “the supreme science” has upon the human mind 
and soul, and spoke of a well-known millionaire, whose son was 
not all that his father desired him to be. The father had gone to 
Dr. Brashear and asked him to take the son into the Observatory, 
and show him some of the marvels to be seen through the telescope. 
This the Doctor had done, the young man had become interested in the 
study, and the inevitable ennobling effect had followed. The young 
man is now one of the most highly respected men in the city where 
he lives. 

Then followed an eloquent tribute to Mrs. Brashear, the Doctor 
stating that a great deal of what he had accomplished had been owing 
to her,—to her assistance and encouragement and never-failing sym- 
pathy with his work. “On one occasion, when I was working in the 
rolling mill by day, and endeavoring to grind and polish a_ telescope 
lens at night, an accident destroyed the glass over which I had labored 
for two years. By the eager efforts of my wife, the effects of the acci- 
dent were overcome so that at the end of two months’ time I was able 
to see through the telescope lens.” With a few more words of appre- 
ciation, the lecture closed. 
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PLACE OF THE ZODIACAL LIGHT IN THE SOLAR 
SYSTEM: ADDITIONAL CONSIDERATIONS, 


Rev. W. E. GLANVILLE, Ph. D. 


Supplementary matter for my paper in the June-July issue of Popu- 
LAR Astronomy having failed to reach the Editors, I take this opportunity 
to present it. 

I In the absence of positive demonstration, and for reasons which 
astronomical readers will appreciate, we may assume that the Zodiacal 
Light band is located in the neighborhood of Roche’s limit for the earth; 
i. e., about 11,500 miles from the earth’s surface. That being so, the 
band must be affected by earth-shine along the horizon points E. and 
W. which would intensify the brightness of the Zodiacal light on the 
horizon. 

II Refraction, such as is noticed in the case of the sun and the 
moon, may also play a part in broadening the appearance of the Light 
on and near the horizon. 

III In regarding the Zodiacal Light as an earth-ring it does not 
follow that it must be bright like the Saturnian bright rings. As I 
suggested, it is rather comparable to the dim, “crape” ring of the 
Saturnian System. 

These considerations together with the effect of the earth’s shadow, 
indicate a solution of the dimmer light from the horizon out towards 
the Gegenschein. 

IV Observations tend to show that the material of the band is more 
agglomerated along the axis. 

V_ As far as ascertained the angular measurement of the nodes of 
the Zodiacal Light corresponds to that of the moon, viz., 5°. 

VI I wish also to call attention to the fact that while the satellites 
of the other planets are roughly in the plane of the planet’s equator, 
our Own moon departs conspicuously from this position and lies more 
closely along the ecliptic—as does the Zodiacal Light band in contra- 
distinction to the Saturnian ring system. And the fact that the nodes 
of the moon and of the Zodiacal Light correspond so closely in angular 
measurement suggests lunar perturbations of the Zodiacal Light band, 
an investigation of which may be fruitful of results. 

St. Peter’s Rectory, 
Solomons, Md. 1915, July 1. 
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! 
\J OUR TERRESTRIAL PLANET-SHIP—THE EARTH. 


CHARLES NEVERS HOLMES. 


We dwell upon the deck of a planet-ship—a planet world. This 
planet-ship is spherical in shape, and its deck, as far as we know, is 
perfectly solid—a deck with an average thickness of 7917 miles. Upon 
the vast surface of this terrestrial deck we can wander freely—there 
are some 196,940,000 square miles of it; and also travel completely 
around it—some 24,902 miles. We stand upon the deck of a ship 
having a displacement weight of about 6,600,000,000,000,000,000,000 
tons and an inside capacity or volume of about 260,000,000,000 cubic 
miles. That deck is composed of soil, solid rock and an imprisoned fiery 
furnace. In some places it is level, in others it rises to a great height, 
and for the far larger part of its total extent it is covered with water, 
Our terrestrial deck is divided between land and water, some 52,000,000 
square miles of the former, some 145,000,000 square miles of the latter. 

It is indeed interesting to walk about over the vast deck of our planet- 
ship. This ship has many passengers—a billion and a half, or more—of all 
sorts of races, creeds and degrees of civilizations. There are the war- 
like passengers in Europe, where at present it would not be safe to 
travel, who occupy about 3,860,000 square miles of our ship’s land-area 
of 52,000,000 square miles. There are the passengers in Asia who 
occupy 17,100,000 square miles; in Africa 11,500,000; in North America 
9,260,000; in South America 6,840,000; and in Australia 3,440,000 
square miles. About 1,500,000,000 human passengers sailing upon a 
planetship that has neither crew nor captain. Voyaging amid a verit- 
able ocean of ether, silently and swiftly, whither these millions and 
millions of earth-born passengers know not! 

Our terrestrial deck rises in some places to a great height. There 
are the huge mountains in Asia—Everest (29,000 feet high), lofty 
mountains in South America—Aconcagua (24,000 feet high). Our 
terrestrial deck is, as a rule, very uneven; the average height above 
the ocean in Europe, being about 980 feet; in Asia 3,120; in Africa 
2,130; in North America 2,300; in South America 1970; and in Australia 
1310 feet. Thus, by averaging these different heights in the world we 
find that the mean height of the land-area of our planet-ship is approx- 
imately 2,000 feet. But the larger part of our terrestrial deck is covered 
with water, and were this water removed we should see vast hollows 
and gulfs. Just as the height of the land-area varies, so the depth of 
the water-area varies. Whether the deepest point in the great oceans 
has really been probed is yet uncertain; but from the depths that are . 
known today the average of these depths approximates about 11,480 
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feet. Thus, it is evident that the distance from the average depth of 
the water-area to the average height of the land area is about 14,000 
feet—not so very far from 3 miles. 

But although man has probed perhaps to the very bottom of the 
water floor of his terrestrial deck he has hitherto been less successful 
in digging into the land floor of that deck. He has, as it were, barely 
scratched that land-floor, although he has found out some wonderful 
things about its probable age and the material composing it. He has also 
been able to compute how solidly our ship is put together, and, as was 
stated above, we know pretty approximately the total weight or mass 
of our planetary craft. But even today he is not absolutely certain of 
the real condition of our ship’s interior. He believes, and is more certain 
day by day, that there is a very solid deck beneath him. That deck or 
the terrestrial diameter he knows to average some 791712 miles; but it 
may be—since new discoveries are possible at all times—that his deck 
has a thicknes of only comparatively a few miles. However, that deck 
has stood quite a number of violent quakes, it has never yet indicated 
that it is not as solid as man believes it to be; and there is every prob- 
ability that our terrestrial floor will support us safely during our own 
lifetime and the lifetimes of the thousands and thousands of generations 
that shall follow us. 

Although man has only penetrated slightly into the terrestrial floor, 
he has discovered how solidly his planet-ship is built. In other words, 
he has found out the terrestrial density, that is, how it compares with 
an equal amount of water. Our planet-ship is a great deal denser than 
water—some 5.53 times as dense; but this density varies in differ- 
ent parts of the ship. For example, the superficial terrestrial density, 
that is, the density around the surface, is only about two and three- 
quarters that of water, the density of our rocks being from 2.3 to 3.1. 
This superficial density should be compared with the greater average 
density of our planet-ship. Therefore, it follows, in order to make up 
this average density of 5.53, there must be a density within the interior 
of the earth far above 5.53, and that is not surprising when we remem- 
ber what a tremendous pressure presses upon the materials composing 
the main body of our planet. In order to illustrate not only the terres- 
trial density but also the terrestrial pressure and gravity, a table is 
here inserted. 


Thedepthin miles Density of earth Gravity; Pressure; in surface 
below surface compared with its atmospheres of 14.7 pounds 
of earth water acceleration per square inch 
0 2.75 1.0000 
§ 2.76 1.0006 2,020 
10 2.78 1.0012 4,200 
20 2.81 1.0024 8,600 
100 3.03 1.0116 45,300 
1000 5.63 1.0225 672,000 
3959 10.74 0.0000 3,000,000 
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Several points in this table should be noted. The depth below the 
surface at 3959 miles is one-half of the terrestrial diameter; and the 
density of the earth increases under pressure from 2.75 at the surface to 
10.74 at a depth half way through the earth. Thus, one can readily 
understand why the average density is some 5.53 times that of water. 
The acceleration of gravity is very interesting in that it finally ceases 
at a point half way through the earth, the reason for this “0.0000” 
being that here we should be exactly at the terrestrial center, with the 
pull of gravity just as strong in one direction as in any other, so that 
there would be no “weight”, so to speak. The amount of pressure is 
also very interesting, becoming very terrific at the terrestrial center, 
But when we remember that this terrestrial center is surrounded by 
some 260,000,000,000 cubic miles of matter, weighing approximately 
6,660,000,000,000,000,000,000 tons, such terrific pressure does not seem 
so surprising. 

But man knows his planet-ship even better chemically than he knows 
her density, gravity and pressure. Of course, there are some elements 
not yet detected by him; but he has calculated pretty accurately the 
relative amounts of these elements in the crust of the earth. Although 
too many tables are often tiresome, another table at this point should 
be of interest. 

Percent of each element Percent of each element 

Element compared with the Element compared with the 

other elements other elements 

Oxygen 47.02% Phosphorus 0.09% 

Silicon 28.06% Manganese 0.07% 

Aluminum 8.16% Sulphur 0.077 

Iron 4.64% Barium 0.05% 

Calcium 3.507 Strontium 0.02% 

Sodium 2.63% Chromium 0.01% 

Magnesium 2.624 Nickel 0.01¢ 

Potassium 2.32% Lithium 0.01% 

Titanium 0.41% Chlorine 0.017 

Hydrogen 0.17% Fluorine 0.017 

Carbon 0.12% 

Thus we have some 21 elements constituting the deck of our planet- 
ship, but so interwoven and intermixed that usually we should never 
suspect their presence whithout chemical analysis. But some of these 
elements also contribute to make the air or atmosphere which envelopes 
our ship, and, of course, this atmosphere is as much a part of our ship 
as its deck upon which we walk. Although we can scarcely refer to 
the atmosphere as the “sails” of our terrestrial craft, we may think of 
it as a kind of attached rigging, and certainly the clouds floating amid 
it often remind one of a white sail, particularly when seen at a distance 
on the ocean. But it is now time to leave our planet ship, so to speak, 
and consider where we are placed amid the immensity of the Universe 
and how our ship is sailing within its ocean of ether. 


Alas! With respect to the illimitable ocean of ether, we are truly 
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“all at sea”. That our little world-craft is sailing swiftly in company 
with the other planet-crafts that belong to our own solar system is 
easily seen; it needs only an observation of the fixed suns, from night 
to night, to show us that. But whither we are sailing, towards what 
sidereal port, upon what possible tremendous orbit, we do not know. 
The suns of night sparkle and scintillate more or less remotely above 
us, and in the direction of some one of these suns and its probable 
system of darkened satellites we and our own sun may be moving. 
But such are the changes going on—such are the yet little understood 
motions of these foreign suns of night—that we cannot foretell our 
future harbor—if indeed our little craft will ever arrive safely in port. 
Yet we are swiftly sailing, without sails or steam, amid the ocean of 
ether, as smoothly and calmly as a small boat in unruffled waters. 
Our terrestrial passengers may die, generation after generation of new 


passengers be born; but our planet ship sails on and on without pause, 
without peril. 


However, although we are in utter ignorance respecting the final 
future harbor of our planet-ship, we certainly do know where we are 
with regard to our own “Solar System”. The third planet in distance 
from King Sol, the fifth in weight of the eight planets, we revolve around 


and around him, alternately turning our face and our back to him. Revolv- 
ing around him, nearer to him in winter than in summer, ion northern 
latitudes, we are safely situated more than 90,000,000 miles from 
his gigantic fiery furnace. Like Mercury, Venus, Mars, Jupiter, 
Saturn, Uranus and Neptune, our planet-ship is securely tied. to 
King Sol as by some strong ivisible cable. It is anchored, so to speak, 
to our sun, and, spinning like some spherical top, rotating once in 23 
hours, 56 minutes and 4.09 seconds, it revolves around him, con- 
tinually and annually, dragging its tender, the moon, along with it. 
Occasionally some comet passes it, in myriads the aerolites burn up 
in its protecting atmosphere; but, year in, year out, it pursues its 
same unimpeded, monotonous solar orbit. It is like one of the big 
wheels in some vast sidereal mechanism, a mechanism, however, 
that never needs repairing, and is absolutely perfect in all of its parts. 

We, its human passengers, are all of us booked for the trip. We feel 
sure that no shipwreck will overtake us, however much daily cares and 
worries vex us. We are born, dwell and die upon the deck of this 
terrestrial ship. Here we leave our bones; but our good and bad deeds 
live behind us. Our spirit, freed from its temporary tenement, is no 
longer visible to those we leave behind. Does it still haunt the deck 
of our terrestrial planet-ship, or does that spirit fly away to some haven 
far beyond human ken and comprehension ? 

Boston, Mass. 
Hotel Nottingham. 
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PLANET NOTES FOR SEPTEMBER AND OCTOBER, 1915. 


The sun will move from 8° 35’ north of the equator on September 1 to 13° 50’ 
south of the equator on October 31. _ It will cross the equator early on the morning 
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of September 24. It will move eastward from Leo through Virgo into Libra. About 
the middle of October it will pass about one degree north of Spica. 
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The phases of the moon for these months are as follows: 


Last Quarter Sept. 1 at 9am. CS.T. 
New Moon 2 © ~§4m 
First Quarter i *- tae 

Full Moon 23“ Sam. 


Last Quarter tt. 1 at 4AM. 
New Moon 8 “ 4PM. 
First Quarter 15 “* Sam. 
Full Moon = * SPM. 
Last Quarter 30.”6=«611 Pm. 

Mercury will be visible in the west at sunset during the latter part of Septem- 
ber. It will be at a position of greatest eastern elongation on September 27. It 
will then set about one hour after the sun. It will then move rapidly westward 
toward the sun and pass between the earth and the sun on October 21, about two 
degrees south of the sun. Early in November it will reach a point of greatest elong- 
ation west, so its change relative to the sun will be rapid. 

Venus, after a long period as the morning star, will not be visible at the 
beginning of September. It will be almost directly back of the sun from the earth 
on September 12. It will not become visible during this period. 

Mars will continue to move eastward about half as fast as the sun so that it 
will not move away from the sun very far during this period. It will be visible 
throughout these two months in the early morning. It will be a little fainter than 
the first magnitude because of its great distance. 

Jupiter will be at a point of opposition on September 16. It will therefore be 
in good position for observations during these two months. 

Saturn will be the morning star in the early part of September. It will be in 
quadrature on October 9. On this date therefore it will be on the meridian at sunrise. 

Uranus will be on the meridian in the evening during these two months, 
about ten on September 1 and about six on October 31. On October 16 from 9" 32™ 
to 10" 35", Washington Mean Time, Uranus will be occulted by the moon. This will 
be an interesting phenomenon for those equipped with small telescopes to observe it. 

Neptune will become visible again in the morning sky in September. It will 
be on the meridian about sunrise on October 26. 
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Phenomena of Jupiter’s Satellites. 


[ Visible at Washington. } 
CENTRAL STANDARD TIME. 
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. In. 
. Eg. 
. Be. 
, aa. 
, ie. 
. Eg. 
tc. Dis. 
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In. 


Re. Sept. 25 
25 
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2 
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Phenomena of Jupiter’s Satellites—Continued 
h m 
Oct. ) >. Dis. Oct. 25 5 19 Sh. Eg. 
j 2% 9 17 Oc. Dis. 
26 Ec. Re. 
» 13 Sh. In. 
10 Tr. Eg. 
5 Sh. Eg. 
°. Dis. 
>. Re. 
>. Dis. 
. In. 
. In. 
. Eg. 
. Eg. . Eg. 
. Eg. : } ». Dis. 
». Dis. q 10 ». Re. 
>. Re. 


Note:—In., denotes ingress; Eg., egress; Dis., disappearance; Re., reappearance, 
Ec., eclipse; Oc., occultation; Tr., transit of the satellite: Sh.. transit of the shadow. 





VARIABLE STARS. 


Y 


Maxima of Variable Stars of Short Period. 


[Calculated by Julia M. Hawkes and Agnes E. Wells at Goodsell Observatory. ] 


Given to the nearest hour in Greenwich mean time. To obtain Eastern standard 
time subtract 5"; Central standard time 6"; etc. 

Star » ke Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maximain 1915. 

Sept. Oct. 

h pm fo} d h d d , 4 oh 
SX Cassiop. 005.5 +54 8.6— 9.4 36 13. 23 6 29 20 
SY Cassiop. 09.8 +57 93—99 4 1. 3 7; 19 2 3 
RR Ceti 27.0 + 05 8.3— 9.0 0 13. 3 8: 18 : 19 20 
RW Cassiop. 30.7 +57 8.9—11.0 14 19.2 ; a7: 2h -21 2 
V Arietis 09.6 +11 8.3— 9.0 0 23. { ; 25 : 26 23 
SU Cassiop. 43.0 +68 6.5— 7.0 1 22. : 27 9: 28 10 
TU Persei 01.8 +52 49 114—12.2 0 1446 : 2 22 
RW Camelop. 46.2 +58 8.2— 9.4 16 00. p 28 30 
SX Persei 10.2 +41 10.4—11.2 4 07. ; Be ; 26 
SV Persei 42.8 +42 8.8— 9.6 11 03. ey > = 
RX Aurigae 54.5 +39 7.2— 8.1 11 15. ; a7 ; 20 23 
SX Aurigae 04.6 +42 8.0— 8.7 1 12. ; 22 Sm 3 
SY Aurigae 05.5 +42 8.4— 9.5 3.¢ ; 2 3; 22 
Y Aurigae 21.5 +4221 86—96 § ; 20 . 2 
RZ Gemin. 56.6 +22 9.1—10.0 2. 9 23; 21 : 24 
RS Orionis 5 16.5 +14 8.2— 8.9 3. 21; 23 
T Monoc. 198 + 7 21 
RZ Camelop. 23.7 +67 06 11. 3: af ‘ ; 23 
W Gemin. 29.2 +15 24 6. A § 23; 21 19; 
¢ Gemin. > 58.2 +20 43 3. : é 22 2: 
RU Camelop. 10.9 +69 51 8. 9. y of 19 
RR Gemin. 15.2 +31 04 10. : 9. 7 11:23 
V Carinae 26.7 —59 47 7. : 2; 23 12; 
T Velorum 34.4 —47 01 7. : 6 13; 25 3; 
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Maxima of Variable Stars of Short Period—Continued. 


Star 


V Velorum 
Z Leonis 

RR Leonis 
SU Draconis 
S Muscae 
SW Draconis 
T Crucis 

R Crucis 

S Crucis 

W Virginis 
SS Hydrae 
RV Urs. Maj. 
ST Virginis 
V Centauri 
RS Bootis 
RU Bootis 


R Triang. Austr. 


S Triang. Austr. 
S Normae 
RW Draconis 
RV Scorpii 
X Sagittarii 
Y Ophiuchi 
W Sagittarii 
Y Sagittarii 
U Sagittarii 
Y Scuti 

Y Lyrae 

RZ Lyrae 
RT Scuti 

« Pavonis 
U Aquilae 
XZ Cygni 

U Vulpec. 
SU Cygni 

n Aquilae 

S Sagittae 
X Vulpec. 
X Cygni 

T Vulpec. 
WY Cygni 
RV Capric. 
TX Cygni 
VY Cygni 
SW Aquarii 
VZ Cygni 

Y Lacertae 
5 Cephei 

Z Lacertae 
RR Lacertae 
V Lacertae 
SW Cassiop. 
RS Cassiop. 
RY Cassiop. 


R.A. 
1900 


19 
20 


20 
21 


21 
22 


22 
23 


m 


19.2 
46.4 
02.1 
32.2 
07.4 
12.8 
15.9 
18.1 
48.4 
20.9 
25.0 
29.4 
22.5 
25.4 
29.3 
41.5 
10.8 
52.2 
10.6 
33.7 
51.8 
41.3 
47.3 
58.6 
15.5 
26.0 
32.6 
34.2 
39.9 
44.1 
46.6 
24.0 
30.4 
32.2 
40.8 
47.4 
51.5 
53.3 
39.5 
47.2 
52.3 
55.9 
56.4 
00.4 
10.2 
47.7 
05.2 
25.5 
36.9 
37.5 
44.5 
03.7 
32.6 
47.2 


Decl. 
1900 


° , 


—55 
+27 
+24 
+67 
—69 ; 
+70 
—61 
—61 
—57 
— 2 
— 23 
+54 
— 0 
—56 
+32 
+23 
—66 
—63 
—57 
+58 
—33 
—27 
— 6 
—29 
—18 
—19 
— 8 
+43 
+32 
—10 
—67 
— 7 
+56 
+20 
+29 
+0 
+16 
+26 
+35 
+27 
+30 
—15 
+42 
+39 
— 0 
+42 
+50 
+57 
+56 
+55 
+55 
+58 
+61 
+58 11 


Magni. 
tude 


7.5— 
—— 
9.1 
8.9 
6.4 
8.8 
6.8 
6.8 
.— 
8. 
Te 
9. 
10. 


6. 
8. 
12. 
6. 
6. 
6. 
9. 
6. 
4. 
6. 
4. 
5. 
6. 
8. 
As 
9. 
9. 
3. 
6. 
8. 
6. 
6. 
3. 
5. 
9. 
6. 
5. 
9. 
9. 
8. 
8. 
9. 
8. 
9. 
3. 
8. 
8. 
8. 
9. 
9. 
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Minima of Variable Stars of Short Period. 


[Calculated by Elva Utzinger at Goodsell Observatory. ] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Standard 
time subtract 5"; Central Standard 6"; etc. 


Star R. A, Decl. Magni- Approx. Greenwich mean times of 

1900 1900 tude Period minima in 1915 

Sept. Oct. 
h m ° ? e at d h da h da h d h 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 21.8 23 15; 28 . 

RT Sculptor. 31.5 —26 13 9.6—10.5 0 12.3 9 1; 24 9; 9 18; 25 
UU Androm. 38.5 +30 24 10.7—11.9 1 11.7 wR he: Te ; 
U Cephei 0 53.4 +81 20 70—9.0 2118 10 2; 25 1; 10 0; 24 23 
Z Persei 2 33.7 +41 46 9.4—12 301.4 12 8; 2413; 6 19; 25 3 
TW Cassiop. 37.6 +65 19 8.2— 9.0 1 10.3 618: 21 1; § 8; 19 14 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 8 9; 22 3 3 Ot 19 13 
RZ Cassiop. 39.9 +69 13 69— 8.1 1 04.7 8 23; 23 7; 7 15; 21 28 
TX Cassiop. 44.4 +62 22 9.4—10.1 2 22.2 6 5; 23 19; 11 8; 28 21 
ST Persei 53.7 +38 47 8.5—10.5 2 15.6 10 23; 26 20; 12 18; 28 15 
RX Cassiop. 58.8 +67 11 8.6— 9.1 32 07.6 1 16 4 0 
Algol 301.7 +40 34 23— 3.5 2 208 9 10; 20 21; 8 2; 28 7 
RT Persei 16.7 +46 12 9.5—11.5 0 20.4 9 13; 23 3; 6 18; 20 8 
Tauri 55.1 +1212 33—42 3229 14 16;:30 12; 8 10; 24 5 
RW Tauri 357.8 +27 51 7.1—<11 2 18.5 7 3: 23 18; 10 9; 27 0 
RV Persei 4042 +33 59 9.5—11.0 1 23.4 12 1; 27 20; 13 15; 29 10 
RW Persei 13.3 +42 04 8.8—11.0 15 04.8 3 1; 29 10; 12 15; 25 20 
SZ Tauri 31.4 +18 20 7.2— 7.7 3 03.6 7 13; 26 10; 5 21; 24 18 
RS Cephei 448.6 +80 06 9.5—12.0 12 10.1 1 7; 26 3; 8 13; 20 23 
TT Aurigae 5 02.8 +39 27 7.8— 8.7 016.0 1019; 24 3; 14 3; 27 11 
RY Aurigae 11.5 +38 13 10.7—11.7 217.5 10 15; 21 18; 7 22; 24 7 
RZ Aurigae 42.9 +31 40 10.6—13.3 3 00.3 8 23; 21 0; 9 1:27 3 
SU Tauri 45.8 +28 05 9.4—11.0 2 04.0 5 6; 22 14; 9 22; 27 6 
Z Orionis 50.2 +13 40 9.7—10.7 5049 11 9; 2119; 2 5; 23 0 
SV Gemin. 54.6 -+24 28 98—<11 400.2 13 3; 29 3;15 4; 31 5 
RW Gemin. 5 55.4 +23 08 9.5—11.0 2 208 11 16; 23 3; 10 8; 21 19 
U Columbae 6 11.2 —33 03 9.2—10.0 2 19.2 11 15; 22 19; 9 15; 20 19 
SX Gemin. 22.0 +20 37 10.8—11.5 1 08.8 9 21; 26 6; 12 16; 29 2 
RW Monoc. 29.3 + 8 54 9.0—10.8 1 21.7 12 6; 27 12; 12 18; 28 0 
RX Gemin. 43.6 +33 21 88— 9.6 12 05.0 12 12; 2417; 6 22; 31 8 
RU Monoc. 6 49.4 — 728 9.8-—10.5 0 21.5 14 13; 28 21; 13 6; 27 14 
R Can. Maj. 7149 —16 12 58— 64 1 03.3 6 0; 24 5; 12 9; 30 13 
RY Gemin. 21.7 +15 52 89—-<10 9 07.2 8 16; 27 7; 6 14; 25 4 
Y Camelop. 27.6 +7617 9.5—12 3 07.3 8 1; 27 21; 7 19; 27 15 
TX Gemin. 30.3 +17 8 10.0—11.9 2 19.2 6 5; 23 0; 9 20; 26 15 
RR Puppis 43.5 —41 08 9.4—10.7 6103 10 3; 22 23; 12 6; 25 3 
V Puppis 7 55.4 —48 58 41— 48 110.9 10 20; 25 10; 9 22; 24 12 
X Carinae 8 29.1 —58 53 7.9— 8.7 0 13.0 .: S 2 ae 
S Cancri 8 38.2 +19 24 82—10 9 11.6 6 13; 25 12; 5 0; 23 23 
RX Hydrae 9 08 — 752 91-105 2 68 4 21; 23 3; 11 9; 29 15 
S Antliae 27.9 —28 11 6.7— 7.3 007.8 10 21; 23 20; 6 19; 19 18 
S Velorum 29.4 —44 46 7.8— 9.3 5 22.4 12 0; 23 21; 5 17; 23 13 
Y Leonis 9 31.1 +26 41 9.3—11.2 1 16.5 2 23; 19 20; 6 17; 23 14 
RR Velorum 10 17.8 —41 36 10.0—10.9 1 20.55 10 10; 28 23; 8 6; 26 19 
SS Carinae 10 54.2 —61 23 12.2—12.8 3 07.2 7 19; 21 0; 10 19; 24 0 
ST Urs. Maj. 11 22.4 +45 44 6.7— 7.2 8 19.2 4 19; 22 10; 10 0; 27 14 
RW Urs. Maj. 35.4 -+52 34 10.3—11.4 7 07.9 5 4; 19 20; 11 20; 26 11 
Z Draconis 11 39.8 +72 49 9.9—13.6 1 08.6 9 13; 23 3; 6 17: 20 6 
RZ Centauri 12 55.6 -—6405 85— 89 1 21.0 15 16; 30 17; 15 17; 30 17 
SS Centauri 13 07.2 —63 37 38— 10.4 2 11.5 9 12; 24 9; 9 6;24 3 
5 Librae 14556 —807 48—62 2 ye 7 18;.23 87; 7 18; 21 18 
U Coronae 15 141 +32 01 7.6— 8.7 310.9 11 13; 25 9; 9 4; 22 23 
TW Draconis 32.4 +6414 73— 89 21 9 9; 26 5; 13 1; 29 21 
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Minima of Variable Stars ot Short Period—Continued. 





Star R. A. Decl, Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in 1915 
Sept. Oct. 

h m ° ’ d h d h dih d h dh 

SS Librae 15 43.4 —15 14 9.3—11.5 0 18.4 8 6; 23 14; 8 21; 24 5 
SW Ophiuchi 16 11.1 — 6 44 9.2—10.0 2 10.7 12 23; 27 15:12 8:27 0 
SX Ophiuchi 12.6 — 6 25 10.5—11.2 2 01.5 6 9; 22 21; 9 9; 25 21 
R Arae 31.1 —56 48 68— 7.9 4102 10 9; 28 2: 6 22: 24 15 
TT Herculis 16 49.9 +17 00 8.9~— 9.3 20 18.1 6 12; 27 7; 8 8; 29 2 
TU Herculis 17 09.8 +30 50 9.5—12 2 06.4 6 4; 19 18; 3 9: 23 18 
U Ophiuchi 115 + 119 60— 6.7 0 20.1 4 16; 21 11; 8 6; 25 0 
u Herculis 13.6 +33 12 46— 5.4 2 01.2 8 5; 20 12; 2 20; 21 7 
TX Herculis 15.4 +42 00 8.3— 9.0 100.7 14 8; 28 18:13 4; 27 14 
RV Ophiuchi 298 +719 9. —12 3.16.5 15 13; 30 7; 15 1; 29 19 
SZ Herculis 36.0 +33 01 95—10.3 019.6 12 4; 28 12; 14 21: 31 6 
TX Scorpii 48.6 —34 13 7.5— 82 022.6 15 2; 30 4:15 6; 30 8 
UX Herculis 49.7 +16 57 88—10.5 113.2 12 2; 27 14:13 2; 28 13 
Z Herculis 53.6 +15 09 7.1— 7.9 3 23.8 7 11; 23 10; 9 9; 25 9 
WX Sagittae 53.6 —17 24 9.2—10.8 2 03.1 7 8; 24 8; 11 9; 28 10 
WY Sagittae 17 54.9 —23 1 95—10.6 4 16.0 10 4; 28 20: 8 4; 26 21 
SX Draconis 18 03.0 +58 23 9.3—10.5 5041 10 2; 30 18; 10 2; 30 18 
RS Sagittarii 11.0 —34 08 59— 63 2 10.0 7 #7; 2119; 6 7; 20 19 
V Serpentis 11.1 —15 34 9.5—11.1 3 10.9 8 22; 22 17; 6 13; 20 8 
RZ Scuti 21.1 —915 7.4— 8.3 15 03.2 3 1; 18 4; 3 8; 18 11 
RZ Draconis 21.8 +58 50 9.5—10.2 0 13.2 7 6; 23 19; 10 7; 26 20 
RX Herculis 26.0 +12 32 7.0— 7.6 0 21.3 6 2; 23 21; 11 16; 29 11 
SX Sagittarii 39.7 —30 36 8.7— 9.8 2 01.8 7 2; 23 16; 10 7; 26 22 
RR Draconis 40.8 +62 34 9.3--13 2 19.9 5 17; 22 17; 9 16; 26 16 
RS Scuti 43.7 —10 21 9.3—10.3 015.9 11 8; 2414; 7 21:21 4 
8 Lyrae 46.4 +33 15 34— 4.1 12 218 12 16; 25 14; 8 11:21 9 
U Scuti 18 48.9 —12 44 91— 9.6 0229 10 5; 29 8 20; 27 23 
RX Draconis 19 01.1 +58 35 9.3—10.2 1 21.4 4 10; 19 14; 4 17; 19 21 
RV Lyrae 12.5 +32 15 11.~—12.8 3144 13 9; 27 19: 12 4; 26 14 
RS Vulpec. 13.4 +22 16 69— 8.0 4 11.4 8 15; 26 12; 5 11; 23 9 
U Sagittae 144 +19 26 65— 9.0 309.1 10 1; 23 13; 13 20; 27 9 
Z Vulpec. 17.5 +25 23 73— 85 210.9 14 0; 28 17; 13 11; 28 4 
TT Lyrae 24.3 +41 30 93—11.6 5 05.8 9 9; 25 2; 10 20; 26 13 
UZ Draconis 26.1 +68 44 90— 98 1 15.1 9 2: 22 11 16; 24 17 
SY Cygni 19 42.7 +32 28 10 —12 600.2 12 5; 24 6; 12 6; 24 6 
WW Cygni 20 00.6 +41 18 9.3—~13.4 3 07.6 9 5; 22 12; 12 10; 28 16 
SW Cygni 03.8 +46 01 9. —11.7 4 13.8 9 3; 27 10; 6 14; 24 21 
VW Cygni 11.4 +3412 98—11.8 8 10.3 8 6; 25 3; 11 23; 28 20 
RW Capric. 12.2 —17 59 88—10.6 3 09.4 8 12; 28 20; 12 10; 25 23 
UW Cygni 19.6 +42 55 10.5—13 3 10.8 8 13; 22 8; 6 3; 19 23 
V Vulpec. 32.3 +26 15 8.2—9.8 37 19.0 16 6 24 1 
W Delphini 33.1 +17 56 9.4—12.1 4 19.4 9 3; 28 8; 7 23; 27 4 
RR Delphini 38.9 +13 35 10.5—11.8 4 14.4 8 19; 27 5; 6 10; 24 19 
Y Cygni 48.1 +3417 7.1— 7.9 1 12.0 3 9;18 9; 3 8:18 8 
WZ Cygni 49.3 +38 27 9.9—10.8 0 14.0 10 23; 22 16; 10 5; 21 21 
RR Vulpec. 20 50.5 +27 32 9.6—11.0 5 01.2 10 22:21 1:11 6; 3111 
VV Cygni 21 02.3 +45 23 12.1—13.8 1 11.4 8 1; 22 19; 7 14; 22 18 
AE Cygni 09.0 +30 20 10.8—11.4 0 23.3 3 5; 22 14; 12 0; 31 9 
RY Aquarii 148 —11 14 8.8—10.4 1 23.2 14 10; 30 4; 15 22; 31 15 
UZ Cygni 55.2 +43 52 8.9—11.6 31 07.3 11 9; 12 16 
RT Lacertae 21 57.4 +43 24 9.1—10.5 5 01.7 2 9; 22 16; 2 19; 23 2 
RW Lacertae 22 40.6 +49 08 10.2—11.2 5 04.4 5 21; 21 11; 7 0; 22 13 
X Lacertae 22 45.0 +55 54 82— 86 5 10.6 8 1; 24 8; 10 16; 27 0 
TT Androm. 23 08.7 +45 36 11.3—12.6 2 18.3 8 8; 24 22; 11 12; 28 2 
Y Piscium 29.3 + 7 22 9.0—12.0 3 18.4 5 17; 20 19; 5 20; 20 22 
TW Androm. 23 58.2 32 17 86—11.5 4 02.9 6 23; 23 11; 9 23; 26 11 
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New Elements and Ephemeris of Comet 1915 a (Mellish).—In 
connection with the study of the theoretical considerations in the determination of 
the orbit of a comet, the computation of the orbit of comet 1915 a@ (Mellish) was 
undertaken by Miss Julia M. Hawkes, Miss Agnes E. Wells and Miss Elva G. Utzinger, 
at the Goodsell Observatory. The elements obtained by them are as follows: 

T = 1915 July 17.1576 G.M.T. 
eo =28° 4F $8" 7 
Oo=—= Te 1% it 7 
i = 54 47 18 9 
log g = 0.002212 
From these elements the ephemeris of this comet has been extended by Pro- 


fessor C. H. Gingrich for intervals of four days through August, September and 
October. ; 
EPHEMERIS FOR GREENWICH MEAN MIDNIGHT. 
1915 5 log A 
42.7 —31 51 § 0.01423 
57.6 30 26 16 0.02930 
03.2 29 07 2% 0.04232 
51.3 27 54 0.05347 
22.2 26 45 56 0.06287 
34.4 25 42 0.07064 
27.0 24 42 0.07690 
58.3 23 46 0.08177 
06.4 22 53 ¢ 0.08531 
48.7 22 03 0.08766 
02.6 21 15 3s 0.08891 
45.5 20 29 0.08917 
54.6 19 44 2: 0.08857 
27.9 18 59 0.08722 
22.9 18 15 0.08526 
37.1 17 29 0.08283 
8.5 16 42 57 0.08010 
5 55.1 15 54 0: 0.07727 
59 56.5 15 02 0.07456 
53 12.3 14 06 5 0.07221 
45 45.1 is 7 0.07048 
37 37.7 12 03 0.06965 
Oct. 28.5 5 28 54.4 —10 55 05 0.06996 
Brightness February 13 = 1.00 


COMET AND ASTEROID NOTES. 
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It is seen from this ephemeris that on August 1 this comet will just barely rise 
sabove the southern horizon at this latitude, and will not be visible at this date 
for northern observers because it will rise after the sun. It will however be visible 
to southern observers. At the beginning of September it will be above the horizon 
.at this latitude at sunrise but will be near the horizon and visible only under the 
most favorable conditions. On October 1 it will be near the meridian at sunrise 
and may be observed throughout the month. A slightly favorable feature is the 
fact that during the latter part of October the comet will be approaching the earth 
.again for a short time. 





Ephemeris of the Periodic Comet Tempel, (1915 c Delavan).— 
The following ephemeris of the periodic comet Tempele, rediscovered by Delavan at 
LaPlata, Argentina, on May 16, is taken from Astronomische Nacrichten No. 4802. 
This comet will be on the meridian soon after midnight throughout the period for 
which the ephemeris is given. As it is not very far from the equator it will be 
wisible for observers both north and south. The positions given are for Berlin mean 
midnight. 

1915 True a True 6 log r log A Br. 
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Monthly Report of the American Association of Variable Star 
Observers, April, May, June, 1915. 

Owing to a request from PopuLar Astronomy that the report this month be sent 
a week earlier than usual and having sufficient time to notify only the members in 
the eastern section of our country, this report is somewhat smaller, than it would 
be, had Mr. Richter’s and Mr. Hay’s observations been received in time to be in- 
cluded. Their reports containing 669 and 122 respectively came just too late to be 
included, and will have to wait until the next issue. This report also contains Mr. 
Bancroft’s April list of 117 observations, not having been received in time for last 
issue of PopuLAR ASTRONOMY. 
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VARIABLE STAR OBSERVATIONS Apr., May, June, 1915—Continued. 
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VARIABLE STAR OBSERVATIONS Apr., May, June, 1915—Continued. 
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VARIABLE STAR OBSERVATIONS Apr., May, June, 1915—Continued. 
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The most interesting feature of this report is the two maxima of SS Cygni 
within approximately six weeks, from May 19 to June 30. Mr. Bancroft remarks. 
concerning the very slow increase in light to the second maximum. This is certainly, 
out of the ordinary and only adds to the interest we all have in watching this. 
remarkable star. Another extraordinary feature is that apparently SS Cygni did not 
wane to the 12th magnitude at its minimum during the early part of June. This 
fact is called to our attention by Mr. McAteer. 

The next reports should be sent Mr. Olcott at Norwich Ct., as formerly. I wish 
to take this occasion to thank the members of our association for their very kind 
assistance during the absence of Mr. Olcott. 


ALLAN B. BURBECK. 





COMMUNICATIONS, 


A New Section Proposed for the S. P. A.—An effort is being made im 
the Society for Practical Astronomy to form a new section which shall deal with 
the teaching of elementary astronomy. At present the aim is to bring together a. 
group of people who are interested in making this science a practical study, based 
on direct observation of the heavens. 

It is part of the plan to offer, for those who may desire it, a correspondence 
course which shall deal with a number of topics in elementary astronomy on the 
laboratory basis. 

The writer will be glad to hear from any one, in or out of the society, who is. 
interested in this project. 

Mary E. Byrp. 
Route 9, Box 77. 
Lawrence, Kansas. 





A Brilliant meteor.—Last evening at 8:40 E.S.T., it was my privilege to 
see a meteor of great brilliancy. The cottage where I am stopping faces the ocean. 
Four persons were sitting upon the piazza, when suddenly a stream of light shot 
across the waves. My first thought was that some powerful search-light was throw- 
ing its beams over the water. In about two seconds a meteor came into sight over 
the edge of the piazza roof. The first view obtained of it was when it was close to 
8 Aquilae. From there it passed near a Delphini and ¢ Cygni into Lacerta, where it 
burst into three parts, the largest of which disappeared near the position of 
22 Andromedae. At the time of bursting the shore and water were under an illum- 
ination equal to to that of the full moon, if not exceeding it. The time of the 
meteor’s passing from the region of 8 Aquilae to 22 Andromedae was about two 
seconds. We listened for a minute for any sound, but heard none. Probably the 
roar of the surf would have drowned any sound of explosion, which otherwise 
might possibly have reached us. It is more probable that the distance was too. 
great for any sound to be borne to our position. 


Titton C. H. Bouton. 
Hudson, N. H. 





Communications 449 





Brilliant Object Seen near the Sun.—Last evening about ten minutes 
after sunset, and just over the sunset point at an elevation of about five degrees, 
my daughter, Miss Anna Caroline Brooks, detected a brilliant object equaling Venus. 
It remained visible about two minutes, when it was covered by a cloud. Three of 
her companions also saw the object upon their attention being called thereto. It 
was not seen this evening although carefully looked for by both my daughter and 
myself. 

I am inclined to think that this object was the nucleus of a bright comet, the 
tail being invisible from the overpowering light of the sky. In view of future 
developments I am therefore placing this observation upon record. 


WILLIAM R. Brooks. 
Smith Observatory, 


Geneva, N. Y. June 27, 1915. 





V An Old Volume of the “Sidereal Messenger’’.—I write to inform you, 
and you will doubtless be interested to know, that a friend of mine who resides in 
this city, while in Boston recently was fortunate enough to locate and purchase a 
bound volume of the “Sidereal Messenger” founded by Professor O. M. Mitchell in 
1846, which was the first astronomical journal ever attempted in any language so 
far as known, and it is now very scarce and difficult to obtain. The volume to 
which I refer is well bound with heavy cardboard covers and is in an excellent 
state uf preservation considering its age. It contains numbers 1, 11, 12,13 and 14 
of the first volume, together with volume 2 complete and numbers 1 and 2 of 
volume 3, while at the end is included numerous observations of nebulae and _star- 
clusters. 

The volume contains much valuable matter written by the leading astronomers 
of that period, both in this country and Europe, and it is an interesting memento 
of the famous Professor Mitchell who by his lectures and writings did so much to 
popularize the study of astronomy, and erected at Cincinnati the first observatory 
of any importance in the United States. 

As most of your readers are doubtless aware the name “Sidereal Messenger” 
was that first chosen for PopuLAR Astronomy by which the journal was known for 
many years, and the volume containing numbers of the original periodical of that 
name, published nearly seventy years ago, cannot but prove an interesting relic 
of the past and a valuable collection of astronomical literature well worthy of 
careful preservation. 

The owner of the volume, who is a business man and not specially interested 
in astronomy, offers it for sale, his price being five dollars which is very low for 
such a treasure, and it would certainly be a valuable addition to the library of any 
astronomer. If you or any of your readers desire to purchase the volume it may be 
ordered from the writer who will send it by mail, postpaid, on receipt of the price. 

ARTHUR K. BARTLETT. 
Battle Creek, Mich. 
142 Green Street. June 12, 1915. 





Visibility of Mercury.—lI was very glad to see Miss Young’s note in regard 
to the visibility of Mercury, for I, too, have succeeded in seeing the elusive planet 
in almost every month of the year, in the sunset sky. In fact the first time I was 
absolutely sure I had seen the planet, when I was up in the hill country of Northern 
Massachusetts, when, with nothing to obstruct my view of the horizon, I found 
Mercury quite easily with unaided vision in July, against the slowly paling sunset 

















450 Communications 





sky. Sometimes I have had to locate it first with opera glasses, but as arule it is 
quite easily picked up, if one has a pretty fair idea where to look, beforehand. I 
have also seen it many times in the sky before sunrise, particularly in the winter 
months. 

I was also very much pleased with Miss Mary Byrd's articles on ‘Teaching 
Astronomy in the City.” I have lived in cities all my life, yet have a_ tolerably 
good knowledge of ‘the face of the sky.” As a matter of fact, nothing is a hind- 
rance to learning what we really want to learn. If our desire is strong enough, it 
will master all difficulties, whatever our goal may be. 

How often in walking home from the office, during the summer months, and 
those of autumn, have I walked slowly, in order to find Mercury when the sky “got 
dark enough.” As the yellow fades out and the lovely greenish blue succeeds it, 
I have had the exquisite pleasure of seeing Mercury suddenly appear, at the end of 
a cross street, which served as a pointer to it. 

I have also made it a practice, while walking home, of trying to identify the 
stars “when only one” of a constellation “is shining in the sky.’ Later when the 
other stars of that constellation come out, as I am nearing home, I verify my first 
identification. 

I have during winter evenings become quite expert at this and have astonished 
friends, when asked “what bright star is that? by answering, without looking up 
“The planet Saturn” or “The star Aldebaran” as the case might be. Truly, the city 
is no hindrance to those who love “the supreme science”; but I claim no great 
knowledge, being only an amateur. 


V. E. ATWELL. 


Providence, R. I. May 18, 1915. 








J 


Observing Saturn with Field Glasses.—I was interested in your note 
on page 390 of the June-July issue of PopuLAR Astronomy, under heading of ‘Saturn 
Seen Oval with the Naked Eye.” Looking back over my notes I find this notation 
on the observation of Saturn, “October 28, 1914.” 

“1:30 a. M. Found Saturn between Taurus and Orion. Fine yellow light tonight. 
Does not show a perfect circle or disc when looked at with my 12 power 
Voigtlander field glasses. Seems to be flattened. I put the glasses on a tripod 
and got a much better view. Very much flattened seems to have something at the 
sides. This is the rings. Thought once that I could see the rings. This is a grand 
clear night.” 

I believe our nights when they are clear are better than those of England and 
am of the opinion that if I could not see the planet’s rings with a 12 power field glass 
on a tripod, which tripod was firm, that the man in England could see the rings 
with the naked eye is certainly wonderful. This observer should be allowed the use 
of some of the big instruments. 

At the date referred to I had never seen Saturn’s rings and was straining every 
effort to see them. I have since bought a 4-inch Alvan Clark Telescope and have 
seen Saturn night after night and the more I use the 4-inch telescope the more 
respect I have for the work of the field glasses. One night last winter in a moment 
of clear sky I could see markings on the ball of Saturn that appeared to me to-be 
similar to islands only they were diagonally across the belts which I was expecting 
to see if anything. 


Jas. R. SPENCER. 
508 W. Aluminum St. 


Butte, Mont. June 5, 1915. 
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\/ Observing the New Moon.—In the current number of P. A. Mr. Griffin 
records an early observation by him of the New Moon. 

There doubtless are many who will read with interest the following extract 
from The Observatory for May, 1911. 

“The earliest recorded observation of the New Moon is that of Mr. Horner of 
Tunbridge Wells, England, Feb. 10,1910. The moon being but 16 hours old. New 
at 1" 13" a.m. and seen at 5" 13 ™ p.m.” 





G. WHEELER. 
Duluth, Minn. July 10, 1915. 





GENERAL NOTES. 


Professor Hans Ludendortf has been appointed head observer in the 
Astrophysical Observatory at Potsdam, Germany. 





Miss Anna D. Lewis, who has been instructor in astronomy at Mt. Holyoke 
during the past year, has been elected “Head of the Department of Mathematics’ 
in Kentucky College for Women, Danville, Ky. 





Miss Margaret Harwood, holder of the Nantucket Maria Mitchell Asso- 
ciation Fellowship, who will be a graduate student in the Berkeley Astronomical 
Department during the next academic year, will spend the summer vacation months 
in residence at the Lick Observatory. (Pub. of the A. S. P., June 1915.) 





Assistant Astronomer R. E. Wilson, in charge of the D. O. Mills Expe- 
dition to the southern hemisphere during the past two years, has been promoted 
to the position of Acting Astronomer in charge of the Expedition for the academic 
years 1915-17. (Pub. of the A. S. P., June 1915.) 





Mr. R. F. Sanford, Assistant Astronomer on the D. O. Mills Foundation 
with residence during the past four years in Chile, has resigned and returned to 
the United States in June. Prior to his connections with the D.O. Mills Expedition, 
Mr. Sanford was an assistant in the Carnegie Institution Observatory at San Luis, 
Argentina, during three years. During the two years preceding, Mr. Sanford was a 
Carnegie Institution assistant in the Lick Observatory. (Pub. of the A.S. P., 
June 1915) 





Professor Sherburne Wesley Burnham, whose work on double stars 
done with the two largest refractors in existence, the Lick 36-inch and the Yerkes 
40-inch, and whose large and comprehensive catalogue, containing nearly 14000 
pairs of double stars, are so well known to all astronomers, was granted an honorary 
degree of Doctor of Science by the Northwestern University at its fifty-seventh 
commencement on June 9. In connection with the conferring of this degree the 
following statement was made concerning him and his work: 
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“An astronomer of international renown, an investigator who, starting as an 
amateur with an instrument of small power, has given distinction to the two great- 
est telescopes in the world; a discoverer who has made us acquainted with more 
than a thousand new double suns: a signal example of devotion to science un- 
swerved by any distraction; a lover of truth; a generous friend whose achievements 
we are glad to recognize and whose distinction we cannot augment.” 





The Astronomische Nachrichten, just received, appears in a specially 
designed artistic cover. The reason for this is that it is the first number of volume 
201. The serial number of this issue is 4801. The first article in this number is a 
resumé by Professor H. Kobold, the editor, of the history of this old and important 
astronomical publication. It dates back to the time of Bessel, very early in the 
last century. It stands today among the first, if it is not, indeed, the leading one, 
of the journals of its kind. 





Minor Planets.—In Anowledge for June 1915, we find the following inter- 
esting statements regarding the minor planets or asteroids. Last year sixty new 
ones were announced. Some of these, probably one-third, will turn out to have 
been observed before. There is no evidence that nearly all of these bodies have 
been found. There are now about eight hundred which are now given definite 
numbers, and for which orbits have been computed. Two long-missing ones were 
rediscovered; 99 Dike, missing since 1858, the year of its discovery, and 333 Ruperts- 
Corola, missing since 1893 are the ones which have been found again. The Trojan 
Group which form approximately equilateral triangles with the sun and Jupiter are 
being kept under observation. The theory of their motion is very interesting. 








Ninth Satellite of sJupiter.—Professor R. T. Crawford, of the Students’ 
Observatory, Berkeley, California, has communicated the following ephemeris of the 
differential codrdinates of the ninth satellite of Jupiter, computed by Dr. Seth B. 
Nicholson. The positions are computed for Greenwich Mean Noon. 


a a 6 a 6 
1915 IX-Jup. IX-Jup. 1915 IX-Jup. IX-Jup. 1915 IX-Jup. IX-Jap. 


m= 6 ' m‘s ’ m s ‘ 

June 5 +8 4 +44 July 3 +7 51 — 25 Aug. 4 +711 —11.0 
9 8 3 3.5 7 7 48 3.6 8 7 4 120 

13 8 2 2.6 11 7 44 4.6 12 6 56 13.0 

17 8 1 1.6 15 7 40 5.7 16 6 47 13.9 

21 7 59 0.6 19 7 35 6.8 20 6 38 14.7 

25 7 57 —().4 23 7 30 7.9 24 6 29 15.6 

29 7 54 1.4 27 7 24 8.9 28 6 19 16.2 

3t 7 18 10.0 


Professor Crawford requests that observers having suitable instruments search 
for the satellite. 
Epwarp C. Pickering, 
Cambridge, Mass., U. S. A., Director. 
June 18, 1915. 
Harvard College Observatory, Bulletin 584. 
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Dr. Adriaan van Maanen, of the Mt. Wilson Observatory, has recently been 
examining the fitness of the 60-inch reflector of that observatory for the determina- 
tion of stellar parallaxes. In a paper recently published in the Proceedings of the 
National Academy of Sciences he shows that, based upon the evidence afforded 
by the probable error, the 60-inch reflector yields results of greater accuracy than 
any hitherto attained. 

In the Astrophysical Journal, Vol. 51, Dr. van Maanen has published a 
complete list of stars whose proper motions are known to be greater than 0’’.50 
annually. The table contains 533 stars and will be exceedingly useful as a refer- 
ence list, 
4 

Second Annual Conference of the S. P. A.—The Second Annual Con- 
ference of the Society for Practical Astronomy will be held 1915 August 16, 17, and 
18, at the University of Chicago, Chicago, Ill. The Conference will open at 2 p. m., 
August 16. Members and guests should report at Room 48 Rosenwald Hall. 

All persons interested in astronomy, and friends of the science, whether mem- 
bers of the Society or not, are cordially invited to attend the regular sessions of 
the Conference, and will be made welcome there. The program will consist of 
papers from members, illustrated lectures on astronomical subjects, and Conversa- 
zioni. For at least two of the evenings excursions have been planned to the 
Dearborn Observatory of Northwestern University, in Evanston, Ill., and to the 
(private) Petrajtys Observatory, in South Chicago, Ill. 

(Astronomical and scientific journals are respectfully requested to please copy 
this notice.) 








Professor Alfred H. Joy, who has been working at the Observatory since October 
chiefly on stellar parallaxes, concluded his work at the end of June. He will visit 
the observatories in California and attend the scientific meetings, before returning 
to his post at the Syrian Protestant. College, at Beirut. 

M. G. Van Biesbroeck, of the observatory at Uccle, has been invited to join the 
staff for the present year. He expected to leave Brussels at the end of May, and 
apparently had his arrangements completed with the German authorities, but diffi- 
culties later arose in connection with his passports and he had not on July 1 
left Belgium. 

Mr. John E. Mellish, who has lived heretofore at Cottage Grove, Wisconsin, 
received a grant from the Watson Fund of the National Academy of Sciences, at 
the April meeting, which will enable him to give all of his time for six months to 
astronomical work and study. He came to the Observatory at the end of May, as 
Volunteer Research Assistant. 

Professor E. D. Roe, Jr., of Syracuse University, is spending the summer at the 
Observatory engaged in observing double stars, chiefly with the 12-inch telescope. 

Miss Frances Lowater, recently of Rockford College, who will begin work in the 
Department of Physics at Wellesley in the autumn, is engaged in measuring spectro- 
grams of certain special stars during the summer. 

Those who are registered as graduate students during the summer quarter are 
Miss Jessie M. Short and Miss Julia M. Hawkes, both of whom have been connected 
with Carleton College; Frances E. Carr who was last year Fellow in Astronomy at 
the University of Chicago, is engaged in work on stellar parallaxes; Edison Pettit, 
of Washburn College, Topeka, is engaged in work with the spectroheliograph, the 


Notes from Yerkes Observatory. 






























454 General Notes 








spectroscope, and photography; Charles A. Maney, whose work is in the spectros- 
copic department; W. LeRoy Hart, Fellow in Astronomy at the University of 
Chicago, and Edwin P. Hubble, Fellow-elect, who is working chiefly in photographing 
faint nebulae with the 2-foot reflector. 

A course of illustrated lectures is being given on Monday evenings, as follows: 
Solar observations with the Rumford Spectroheliograph. Mr. Lee. 
Photographic observations of Comets. Mr. Barnard. 

Methods and Results of Stellar Parallax Work with the 40-inch 
Refractor. Mr. Lee. 

Visual and Photographic Observations of Planets. Mr. Barnard. 

Methods of Stellar Photometry. Mr. Parkhurst. 

Variable Stars. Mr. Parkhurst. 

Double Stars. Mr. Roe. 

Stellar Spectra and their Classification. Mr. Barrett. 

Stellar Velocities and Spectroscopic Binaries. Mr. Frost. 

Symposium: Nebulae and Cosmogony. 

Among the topics for discussion at the meetings of the Astronomical club dur- 
ing July and August are the following: 

The Determination of Star Places on Photographic Plates. 
Messrs. Lee and Carr, and Miss Hawkes. 
Star Catalogues and Star Charts: 
Their History and Practical Utilization. Mr. Barrett. 
The Astrographic Chart. Miss Calvert. 
Prospective Methods. Mr. Parkhurst. 
Comets : 
Methods of Search. Mr. Mellish. 
Phenomena of their Tails. Mr. Barnard. 
Their Spectra. Mr. Pettit. 
Eclipsing Binary Systems. Miss Short. 
The Latest Studies of the Radiation of the Stars. Mr. Pettit. 
The Evidence of Absorption, Scattering or Obscuration in 
Space. Messrs. Barnard, Frost, and Parkhurst. 
The Relation between Spectral Type and Radial Velocity. 
Mr. Frost. 
The Solar Motion from Radial Velocities of Stars of Type A. 
Mr. Maney. 
Giant and Dwarf Stars. Miss Lowater. 
Star Streaming. Mr. Hart. 
The Small Nebulae. Mr. Hubble. 

The conditions for observing during the first half year, 1915, were about normal. 
March and April were considerably better than the average, while the other months 
were unfavorable. The hours of night observation with the 40-inch telescope varied 
nearly inversely with the amount of rainfall, as shown below. 


























Mean for Decade Mean for Decade 







Month 1815 (1903-12) 1915 (1903-12) 
Hours Hours mm mm 

January 124.5 133 20 39 
February 111 125 40 34 
March 177.5 126.5 22 46 
April 156 120.5 15 75 
May 84.5 122 151 91 
June 109.5 133.5 
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Meeting of the American Astronomical Society.—The eighteenth 
meeting of the American Astronomical Society will be held in San Francisco and 
Berkeley, California, from Monday, August 2, to Saturday, August 7, 1915. This is 
the first meeting of the Society to be held on the Pacific Coast, and it is greatly to 
be hoped that with the attractive program arranged by the local committee, the 
unusual attraction of the Panama-Pacific Exposition, and tthe consequent induce- 
ment of low railroad fares, the attendance will be large. This meeting is the annual 
meeting for 1915, and therefore entails the election of officers. 


THE TRIP. 


Various railroads are proposing special accommodations if a party can be organ- 
ized to make the trip together. Those who made the trip to California for the 
meeting the Solar Union in 1910 will remember the many pleasant experiences of 
that excursion. At this time, however, the variety of interests attracting visitors 
to California may make it inexpedient to undertake to organize a party. But if the 
members express a desire to meet in Chicago and go from that point in a body, and 
if there is any unanimity in the choice of route and date of starting, the secretary 
will be willing to make the necessary arrangements. 

Professor W. H. Pickering invites those members who plan to make the trip by 
water and through the canal to stop at Mandeville, Jamaica, W. 1. and visit there 
the observatory under his direction. 


PROGRAM. 


The program arranged by the local committee is as follows: 
Monday evening, August 2— 

The first general session of the Americal Association for the Advancement of ° 
Science will be held in San Francisco in the Scottish Rite Temple on Van Ness 
Avenue on August 2,a 10 A.M. and will include the address of welcome and 
response, President's address, and a reception to the members of the A. A. A. S. 
and affiliated societies and members of their parties. 

Subsequent meetings of the Society and meetings of the council, unless other- 
wise stated, will be held in the Students’ Observatory, Berkeley, Cal. 

Tuesday, August 3— 
9a.M. Meeting of the Council. 

10 a.m. Joint session with Section A of the A. A. A. S. and the American 
Mathematical Society, presided over by the vice-president of Section A, to hear 
addresses by Professor George E. Hale and Professor C. J. Keyser. Section B of the 
A. A. A.S. and the American Physical Society have been invited to attend this 
session. 

2p.M. Joint meeting with the Astronomical Society of the Pacific. For a part 
of this meeting Dr. R. G. Aitken, President of the A. S. P., will preside, during which 
time the Bruce Gold Medal of the A. S. P. will be presented, and papers by men 
who are members of both astronomical societies will be read. 

Wednesday, August 4— 
The A. A. A. S. and affiliated societies will make an all-day excursion to Stan- 


ford University. If there is press of papers a session for their presentation may be 
held there. 
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Thursday, August 5— 
9a.M. Meeting of the Council. 
10 a.m. Meeting for the presentation of papers. Nominating ballots for officers. 
2p.M. Papers. 

Friday, August 6— 

Excursion to the Lick Observatory, to include members of the A. A. S. and 
Section A of the A. A. A. S. Leave San Francisco at 9 A. M., by train fifty miles to 
San Jose, arriving at 10-30. Automobiles twenty-six miles to Mount Hamilton. 
Luncheon ($0.75) at Smith Creek. Arrive Lick Observatory about 1:30 p.m. After- 
noon to be spent in general inspection and informal discussions and a brief business 
meeting for the election of officers. Buffet supper with Lick Observatory staff and 
their families. Telescopes available for observation in the evening. Leave Mt. 
Hamilton at about 10 p. mM. by automobile for San Jose, to remain over night. 
Saturday, August 7— 

Mrs. Phoebe A. Hearst has invited the members of the A. A. S. and their 
families to have luncheon with her at her country place, Hacienda de Pozo de 
Verona, near Pleasanton. Leave San Jose by train 9:10 A. M. and arrive at Pleas- 
anton 11:02 a. m. Automobiles from Pleasanton to the Hacienda. Return in the 
evening to Oakland. 

Mr. Hale extends a cordial invitation to members of the Society to visit the 
Mount Wilson Solar Observatory at any time that may best suit their convenience. 
The offices, shops and laboratories are on Santa Barbara St., Pasadena, easily 
reached in about ten minutes from the center of town by a ‘North Lake” car, going 
east on Colorado St. An auto stage runs twice daily from Los Angeles by way of 
Pasadena to the summit of Mount Wilson, where simple hotel accommodations are 
available. As the Observatory is not open to the general public, members of the 
Society should make themselves known on their arrival. 

There will be no formal evening sessions of the Society. There are general 
sessions of the A. A. A. S. for addresses or formal lectures on all evenings except 
Wednesday, which is therefore available for dinners, reunions, etc., as may be 
arranged. 

A conversazione for the informal exhibition of photographs, lantern slides, and 
other illustrations of astronomical work will be arranged, the time to be announced 
on the detailed program for the meeting. 

The following members have indicated their intention to attend: Messrs. W. 
S. Eichelberger, F. Schlesinger, S. A. Mitchell, R.G. Aitken, W. F. Rigge, S. Einarsson, 
A. E. Douglass, G. D. Swezey, H. D. Curtis, C. G. Abbot. W. F. Meyer, D. C. Miller, 
J. Stebbins, R. H. Tucker, O. J. Lee, A. H. Joy, W.M. Hamilton, A. B. Turner, 
A. T. G. Apple, J. H. Moore, W. H. Wright, W. W. Campbell, C. L. Doolittle, S. D. 
Townley, and Misses Eleanor A. Lamson, Helen M. Swartz and Caroline E. Furness. 


PAPERS. 


Titles of papers for the San Francisco Meeting have been received by the sec- 
retary up to July 7 as follows: 
A. E. Douglass—“Tree Growth and Solar Variation.” 
“Photographs of the Zodiacal Light and Gegenschein” 
S. A. Mitchell—Parallax Work at the McCormick Observatory. 
A request for Meteor Observations. 
R. G. Aitken—A Statistical Study of Double Stars in The Northern Sky. 
W. F. Rigge—The Solar Eclipse of 1916, Dec. 24-25. 
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Frank D. Urie—Chronographic Registration of the Arlington Radio Time Signals. 
Chronographic Determination of the Lag between the Arlington and Key 
West Radio Time Signals. 

F. Schlesinger—Description of the Thaw Refractor of the Allegheny Observatory. 

H. D. Curtis—Nebular Proper Motions. 

C. G. Abbot—The Variability of the Sun. 

Jacob Kunz and J. Stebbins—Progress with the Photo-electric Photometer. 

R. H. Tucker—The Places of the A. G. Zone Catalogues. 

O. J. Lee and A. H. Joy—Stellar Parallaxes derived from Plates taken with the 
40-inch Refractor of the Yerkes Observatory. 

A. H. Joy—Investigation of the Cluster M 37 for Proper Motion, from Plates 
taken with the 40-inch Refractor of the Yerkes Observatory. 

O. J. Lee—Preliminary Report on General Stellar Parallaxes in Zone +45° of 
the Selected Areas. 

D. P. Todd—Photographing the Corona of 1914, Aug. 21, in Russia. 

W. W. Campbell and J. H. Moore—On the Radial Velocities of ihe Planetary 
and Irregular Nebulae. 

W. H. Wright—The Spectra of the Gaseous Nebulae and Some Points of Corres- 
pondence between them and other Celestial Spectra. 

S. D. Townley—The Designation of Variable Stars. 

The Variable 6.4914. 
E. E. Barnard—Photographic Comparison of a Dark Nebula with a Bright Nebula 
In order that titles of papers may be included in the printed program, they 
must be in the hands of the Secretary prior to July 20, 1915. 
It is requested also, that an abstract of each paper in form suitable for printing 
in the Society’s Publications be forwarded with the title. This should be brief. 
PuiLip Fox, Secretary. 





STELLA ORIENTIS. 
(Mercury in February, 1913.) 


Wake, arise, for the morn is clear! 
Fling the ice-coated casement wide! 
Look, for the sight you are missing here 
Is worth the rest of the world beside. 
Over the housetops hangs Mercury, 
Exquisite, tremulous, soft and far. 
And those wonderful words come home to me,— 
“T will give him the morning star.” 


O ye kings of earth, what a gift is here! 
Think, as ye reign on your gilded thrones, 
How empty your crowns and your jewels are, 
Sceptre and orb with their shining stones. 
None of these shall your ransom be; 
The stars of heaven His jewels are; 
There shall ye humbly kneel with me 
When he gives to the Victor.—the morning star! 


V. E. ATWELL. 
Providence, R. I. 
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Day Time of signals 


Noon 
b m ~ 
1 12 0 0.11 
2 12 0 0.14 
3 11 59 59.96 
4 11 59 59.93 
5 12 0 0.00 
6 12 0 0.01 
7 12 0 0.01 
8 12 0 0.01 
9 11 59 59.98 
10 11 59 59.99 
11 12 0 0.01 
12 11 59 59.98 
13 11 59 59.99 
14 11 59 59.96 
15 11 59 59.97 
16 11 59 59.99 
17 12 0 0.01 
18 11 59 59.99 
19 11 59 59.97 
20 11 59 59.99 
21 11 59 59.97 
22 11 59 59.98 
23 11 59 59.99 
24 12 0 0.02 
25 11 59 59.98 
26 11 59 59.98 
27 11 59 59.96 
28 12 0 0.00 
29 12 0 0.01 
30 11 59 59.97 
31 11 59 59.94 


General Notes 


May, 1915. 


Time of signals 


10:00 

h m 

+.11 10 0 
+.14 10 0 
—.04 9 59 
—.07 10 0 
00 10 0 
+.01 10 0 
+.01 9 59 
+.01 10 0 
— ie 10 0 
= 10 0 
+.01 9 59 
—.02 9 59 
— OF 9 59 
—.04 9 59 
03 10 0 
—,01 10 0 
+.01 10 0 
—.01 9 59 
—.03 9 59 
oe 9 59 
—.03 9 59 
—.02 9 59 
— 01 9 59 
+.02 10 0 
—.02 9 59 
— 02 9 59 
—— 8 10 0 
.00 10 0 
+.01 9 59 
—.03 9 59 
—.06 9 59 


/ Actual Time of Signals from the U.S. Naval Observatory, 


p.m. 


0.13 
0.15 
59.98 
0.02 
0.01 
0.01 
59.99 
0.02 
0.00 
0.00 
59.97 
59.98 
59.96 
59.97 
0.00 
0.01 
0.00 
59.97 
59.99 
59.95 
59.95 
59.97 
59.99 
0.00 


59.99 
59.97 

0.01 

0.00 
59.97 
59.96 
59.95 





+.13 
+.15 Sunday 
—.02 


+.02 
.00 Sunday 
.00 

—.03 

—.02 

—.04 

—.03 
.00 

+.01 Sunday 
.00 


—.03 
—.01 
—.05 
—.05 
—.03 
—.01 Sunday 
.00 No signal from 
Arlington 
—.01 
—.03 
+.01 
.00 
—.03 
—.04 Sunday 
—.05 Holiday 


Constant correction to Arlington radio signal +-0.016 sec. 


“ Key West 


(+) slow (—) fast 
Maximum error: May 2 +.15 sec. 


U.S. Naval Observatory, 
Washington, D. C. 
June 4, 1915. 


-+0.270 





Publications Received. 


J. A. HooGEWwerFF, 
Captain U.S. Navy 


Superintendent. 


Furuhjelm, R., Note sur le spectre de la couronne solaire interieure, observé a 
Kumlinge, Finlande, pendant |’éclipse totale du soleil le 21 aofit 1914. 
Revista de la sociedad astronédmica de Espana y América, Ano IV, Num. 39, 


Barcelona 1914. 


Selga, M., S. J., The Ebro Observatory, Tortosa, Spain. 


Schlesinger, F., Spherical aberration in astronomical objectives due to changes 


of temperature. 


Jenkins, Louise F., A summary of the astronomische gesellschaft catalog. 
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Schlesinger, F., A criterion for spectroscopic binaries, with an application to 
p Leonis. 

National Weather Journal, Vol. 1, No. 3, Carothers Observatory, Houston, Texas. 

Hale, George E., and Harold D. Babcock, An attempt to measure the free elec- 
tricity in the sun’s atmosphere. Communications to the National Academy of 
Sciences No. 3. 

St. John, Charles E., Critique of the hypothesis of anomalous dispersion in 
in certain solar phenomena. Com. Nat. Acad. Sci. No. 2. 

Kapteyn, J. C., and W. S. Adams, The relations between the proper motions 
and the radial velocities of the stars of the spectral types F,G, K and M. Com. 
Nat. Acad. Sci. No. 1. 

Adams, W. S., and Cora G. Burwell, Results of an investigation of the flash 
spectrum without an eclipse, region \ 4800 to \ 6600. Com. Nat. Acad. Sci. No. 4. 

St. John, C. E. and H. D. Babcock, Variability of spectrum lines in the iron arc. 
Com. Nat. Acad. Sci. No. 5. 

Yendell, Paul, S., Obituary of S. C. Chandler. 

St. John, C. E.. Anomalous dispersion in the sun in the light of observations. 
Contrib. Mount Wilson Solar Obs. No. 93. 

King, Arthur S., The variation with temperature of the electric furnace spectra 
of vanadium and chromium. Contrib. Mount Solar Obs. No. 94. 

Adams, W. S., and Cora G. Burwell, The flash spectrum without an eclipse, 
region \ 4800-\ 6600. Contrib. Mount Wilson Solar Obs. No. 95. 

Strémgren, E., Publikationer og mindre Meddelelser fra KObenhavns Observa- 
torium, No. 20. 

The Calendar and its Reform, Samuel G. Barton. 

Clock Star List, 1915, Royal Observatory Greenwich. 

Meteorological observations at the Massachusetts Agricultural Experiment 
Station, February, May, June. 

Monthly Weather Review February, March, April, U. S. Weather Bureau. 

Publicationer og mindre Meddelelser fra KObenhavns Observatorium. 

La Cometa 1909 I (Borrelly-Daniel) e la suo orbita, Luigi Gabba. 

American Mathematical Society, List of officers and members. 

Annals of the Harvard College Observatory, Vol. 77. 

The Work of the Harvard College Observatory. 

Twenty-fifth Annual Report of the Astronomer Royal for Scotland. 

Photographic Determination of Stellar Parallaxes with the 60-inch reflector, 
A. van Maanen. 

On the Pole Effect in the iron arc, Charles E. St. John and Harold D. Babcock. 

Absolute scale of Photographic and Photovisual Magnitude, Frederick H. Seares. 

On the Absolute Motion of 160 Parallax-Stars, K. W. Gyllenberg. 

The Radiation Law Applied to Stellar Photometry, C. V. L. Charlier. 

Sur la fonction de répartition de type B, M. Charlier. 

Contribution to Mathematical Statistics, C. V. L. Charlier. 

Meddelanden fran Lunds Astronomiska Observatorium, Serie II. 

Practical Mathematics, Franklin, McNutt, and Gharles. 

Berliner Astronomisches Jahrbuch fiir 1917. 

Some Remarks on Logarithms apropos to their tercentenary, M. D’Ocagne. 

The form and Constitution of the Earth, Louis B. Stewart. 

Modern Theories of the sun, Jean Bosler. 

The radiation of the sun, C. G. Abbott. 

Annuaire Astronomique et Meteorologique, Pour 1915, Camille Flammarion. 

Annuaire pour l’an 1915. 





General Notes 








STAR GLEAMS. 


To the uplands steep and bare I climb, 

Just to see the Sun-god say good-night and go, 
Kiss the white clouds till they blush to flame,— 
Watch the gold and crimson deeper grow, 
Fade, then flush to saffron in the afterglow,— 
Watch each star come, as Night calls its name. 


Fair Arcturus, who for countless ages 

With his pale sons has the vigil kept, 

Wierd Antares of the baneful Scorpion, 

Red as blood that from the heart has leapt,— 
Vega, sparkling like a priceless sapphire 

In the Lyre that Orpheus’ hands once swept. 


Regulus that gems the silver sickle, 

And the misty sheaf that Virgo holds, 

On which Spica trembles like a dewdrop 

That a rose at early morn enfolds;— 

One by one upon the fields of heaven 

Forth they stray, like white sheep from their folds. 


Golden Eagle, high and higher soaring, 

Didst thou once bear luckless Ganymede 
From his home and kindred on Mount Ida, 
But to pour imperious Jove his mead? 

Are they stars that seem thro’ heaven falling, 
Tears he shed to leave this earth, indeed ? 


What, amid these fair and pagan symbols, 

Is thy meaning, Cross of steadfast glow ? — 

Is there truth upon thy clear form written, 
That the long dead ages did not know ?— 
Does the true light man has longed for blindly, 
From thy radiance on this dark world flow ? 


O, the heavens are like a mighty volume 
Opened every night for eyes to scan, 

And the lore of dim, forgotten ages 

Read again, and feel the heart of man 

Beating through these myths and old traditions, 
Seeking still to find the high gods’ plan. 


Still the eyes of man turn heavenward searching 

For a key to Life’s fair mystery,— 

Still the great stars rise and set in silence, 

But they breathe of an Infinity, 

Of some power behind their splendor holding 

Worlds and men in Love's security. 

ISABEL BEERS. 

Brooklyn N. Y. 76 Pierrepont St. 





